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EXECUTIVE SUMMARY

This section summarizes the Phase IA Report on the RCRA Facility Investigation
(RFI) for the CIBA-GEIGY facility at Cranston, Rhode Island.

OVERVIEW

Phase IA of the RFI was conducted primarily in July and August 1990 and involved

four studies:

.0 a geophysical investigation;
0 a geological investigation;
o a hydrogeological investigation; and
o a hydrological investigation.

Goals of Phase TA

Overall, the Phase IA studies were conducted:

0 to evaluate contaminant migration pathways at and near the facility;
"o to characterize ground water conditions at the facility;
0 to characterize the geology, including the subsurface features and obstructions,

at the facility; and
o to characterize the Pawtuxet River and its potential for transporting

site-related contamination.

All these goals serve to fine-tune the Release Characterization Program -- Phase IB of the

RCRA Facility Investigation -- and are elaborated in Section 1.3 of the Report.

CG-EXSUM | 1



Impact of Phase 1A

As a result of the findings from the four Phase IA investigations:

) no major changes to the RFI Work Plan will be required; and
o no work will be deleted from the Work Plan; but
.0 some additional work will be required to characterize the site stratigraphy and

ground water hydraulics further.
Data Collected But Not Used in this Report
Some supplementary physicochemical data collection occurred during Phase IA as

an adjunct to the investigations. These supplementary data collected in Phase 1A will be

carried forward and compared with data collected in Phase IB. These supplementary data

include:
0 headspace analysis (field screening) of soil samples;
0 cation exchange capacity, total organic carbon, and Ph of soil and sediment
samples; and
0 collection of undisturbed samples for hydraulic conductivity, bulk density,

porosity, and grain size.

Even though not specifically part of the Physical Characterization, the results of the

headspace analysis suggested the following minor change in the Phase IB Work Plan:

0 Soil samples from a new boring near P-21D will be analyzed for Appendix IX
volatile organic compounds in order to investigate further the anomalous

headspace results detected in samples from P-21D.

This change to the Work Plan is discussed in Section 1 of this Report.

CG-EXSUM : 2
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Limitations of the Phase IA Geotechnical Data

As part of the Phase IA investigation, soil and riverbed sediment samples were
obtained and submitted for geotechnical analyses (e.g., grain size, porosity, bulk density, and
hydraulic conductivity). Although the geotechnical data from those analyses are reported
in this document, somelof the samples were not énalyzed according to the procedures

described in the project QA/QC Plan. Specific nonconformances included:

0 validation (through reasonableness) of results not performed by the
laboratory; '

0 grain size analyses not performed according to the ASTM sieves procedures
specified in the QA/QC Plan; and,

o selected undisturbed soil samples were re-molded prior to analysis.

Because of these departures from the approved QA/QC procedures, some of the
geotechnical data is suspect. These suspect data created data gaps in the Phase IA
investigation; these data gaps will be resolved in Phase IB. Corrective actions have been

established to correct these deficiencies in future sampling.
Organization of this Executive Summary

The rest of this executive summary provides additional details supporting these

conclusions, organized around the geophysical, geological, hydrogeological, and hydrological

- investigations conducted in Phase IA. Each investigation is described briefly by addressing

these topics:

0 the purposes of the investigation;
o the results of the investigation; and

0 the impact of the investigation on the Phase IB Work Plan (if any).

CG-EXSUM 3



Sections of the Report that provide details on each topic are referenced throughout this

summary.

THE GEOPHYSICAL INVESTIGATION

The geophysical investigation entailed three surveys -- a seismic refraction survey, an

electrical resistivity survey, and a ground-penetrating radar survey.
Purposes of the Geophysical Investigation

Both the seismic refraction survey and the electrical resistivity survey were

performed:
o to evaluate the depth to bedrock;
o to evaluate the depth to the saturated zone;
0 to evaluate depths and thicknesses of the stratigraphic units within the
overburden; and
o to corroborate data collected from the drilling program in the geological

investigation.
The ground-penetrating radar survey was performed:

0 to locate and map shallow ‘subsurface features (e.g., foundations, utilities,

- e ma ;
! N

trenches) at the facility that could affect ground water flow and/or
contaminant migration; and

o to evaluate shallow unconsolidated deposits at the facility.

The methods and analyses used in performing the three surveys in the geophysical

investigation are described in detail in Section 2.3 of the Report.

CG-EXSUM 4
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Results of the Geophysical Investigation

The geophysical investigation provided the following information:

The depth to bedrock beneath the facility averages 50 to 60 feet.

The average depths to bedrock in the three study areas of the facility were as
follows:

-- Production Area: 50 to 60 feet below land surface;

-- Waste Water Treatment Area: 45 to 60 feet below land surface; and

-- Warwick Area: 60 feet below land surface.

A dense till of varying thickness overlies the bedrock.

The average thicknesses of till in the three study areas of the facility were as
follows:

-- Production Area: 10 to 15 feet;

-- Waste Water Treatment Area: 10 to 30 feet; and

-- Warwick Area: 20 to 30 feet.

The overburden deposits -- consisting of fine silts, sands, clays, and some
gravels -- were characterized by gradational facies changes both horizontally
and vertically. _

The ground-penetrating radar survey did not locate any significant subsurface
features at the site that could affect ground water flow and/or contaminant
migration.

The electrical resistivity survey was more effective than the seismic refraction
survey in discriminating bedrock, till, and individual units of the overburden

deposits.

The results obtained from the geophysical investigation are described in Section 2.4

and discussed in Section 2.5 of this Report.

CG-EXSUM



THE GEOLOGICAL INVESTIGATION

The geological investigation entailed three activities -- a literature review, field

mapping of bedrock exposures, and an on-site geological characterization.
Purposes of the Geological Investigation

Both the literature review and the field mapping of bedrock exposures were
conducted to characterize the geological environment of the region, the locale, and the
facility itself. The on-site geological characterization program included drilling and sampling
subsurface sediments and bedrock. Data from the drilling program were used to evaluate
the overburden stratigraphy and rock lithologies. Bedrock cores were evaluated and
correlated with off-site exposures; sediment samples were tested for physical properties that
could affect contaminant migration, and also were field-screened for volatile organic

compounds.

The methods and analyses used in performing the three tasks in the geological

investigation are described in detail in Section 3.3 of the Report.
Results of the Geological Investigation
The geological investigation provided the following information:

o Bedrock beneath the facility consists of partially metamorphosed sandstones

and shales, consistent with lithologies observed in of the Rhode Island

Formation.
o - Till was encountered (overlying bedrock) in several borings.
o The variable nature of the overburden deposits is consistent with a

glaciofluvial and/or fluvial deposition.

CG-EXSUM 6
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The overburden deposits are more complex than had been anticipated based
on both preliminary results and previous data. | Individual sediment units
appear to be discontinuous both vertically and horizontally.

High correlations were found between data from borings and data from the
electrical resistivity survey.

The till and bedrock have similar seismic velocities and could not be
distinguished by the seismic refraction éurvey. Higher-density deposits overlie
lower-density deposits in some areas, so the seismic refraction method is less
effective in differentiating the overburden, till, and bedrock. |

The site geology is much more complex than had been anticipated, and the

geological conceptual model of the site is not yet fully developed.

The results obtained from the geological investigation are described in Section 3.4

and discussed in Section 3.5 of this Report.

Impact of the Geological Investigation

The results of the geological investigation revealed data gaps that require additional

work (not included in the RFI Work Plan), and also suggested one change to the Phase IB
Work Plan. No work will be deleted from the Work Plan. '

The geological investigation revealed the following data gaps which must be

addressed by

CG-EXSUM

additional work:

The facility's overburden stratigraphy must be defined better. To do so,

three additional continuous sample borings will be advanced to the top of
rock. One boring will be located in the northwest corner of the Waste Water
Treatment Area; the other borings will be located in the western section of
the Warwick Area.



(o} The overburden hydrostratigraphic conditions at the facility must be defined

better. To do so, two additional continuous sample borings will be advanced
off-site -- one north and the other west of the Waste Water Treatment Area.
Both borings will be advanced to the top of rock.

0o The grain size distribution of soil samples must be differentiated better. To

do so, every second soil sample from borings advanced in Phase IB will be
analyzed for grain size to differentiate between fine-grained (silts) and very
fine-grained (clay) materials.

o Soil samples must be classified better. To do so, all soil samples submitted
for geotechnical analysis in Phase IB also will be tested for Atterberg limits

and moisture content.
These recommendations for additional work are described in Section 6.4 of this Report.
THE HYDROGEOLOGICAL INVESTIGATION

The hydrogeological investigation entailed three activities -- installing bedrock
monitoring wells and overburden piezometers, monitoring ground water levels, and slug
testing new wells and piezometers.

Purposes of the Hydrogeological Investigation

Installing bedrock monitoring wells and overburden piezometers was performed:

o to characterize the aquifer zones;
o to determine ground water flow directions and gradients; and
o to identify aquifer types and boundaries.

Ground water level monitoring was performed to evaluate variations in ground water

elevation. Slug testing new wells and piezometers was performed to evaluate the hydraulic

CG-EXSUM 8
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conductivities of the stratigraphic units. Data from the hydrogeological investigation will be

used to select monitoring well 1dcations for the Release. Characterization Program (i.e.,
Phase IB).

The methods and analyses used in performing the three tasks in the hydrogeological

investigation are described in detail in Section 4.3 of the Report.
Results of the Hydrogeological Investigation
The hydrogeological investigation provided the following information:

o The bedrock aquifer appears to be confined, but the direction of ground water
flow could not be determined.

0 There are significant upward potential gradients within the overburden.

0 The apparent horizontal potential gradients were determined as follows:
-- bedrock aquifer: 10.003 to 0.00s;
-- deep overburden aquifer: 0.02 to 0.1; and

-- shallow overburden aquifer: 0.013 to 0.1.

The results obtained from the hydrogeological investigation are described in

Section 4.4 and discussed in Section 4.5 of this Report.
Impact of the Hydrogeological Investigation

The hydrogeological investigation revealed data gaps that require additional work
(not included in the RFI Work Plan) and also suggested changes to the Phase IB Work
Plan. No work will be deleted from the Work Plan.

The hydrogeological investigation revealed the follo;aving data gaps which must be

addressed by additional work:

CG-EXSUM 9



o The ground water flow patterns, hydraulic gradients, and formation

permeabilities of the underlying strata must be characterized better. To do
so, new stratigraphic borings (off-site) will be completed as deep piezometers.

Shallow monitoring wells will also be instalied to evaluate background water

quality at these locations. On-site stratigraphic 'borings will also be completed

as deep piezometers. A shallow piezometer will also be installed to establish

a nested piezometer pair at one boring location.

o The site hydraulics must be evaluated better. To do so, the following tasks

will be performed:

In Phase IB, all existing monitoring wells and piezometers will be
rehabilitated, as appropriate.

Water level measurements will be taken monthly, not quarterly.
Long-term automatic ground water level data logging will be performed in
a few selected wells in the Production Area.

Small scale (i.e., short-duration, low rate) step drawdown tests will be
performed in the Production Area. |

Short-term constant rate pump tests will be performed on selected wells
in the Production Area. The rate and duration for the tests will be

determined based on the results of the step drawdown tests.

These recommendations for additional work are described in Section 6.4 of this Report.

The results of the hydrogeological investigation also suggested changes in the Phase

- IB Work Plan:

0 Minor locational changes will be made for monitoring wells intended to be

downgradient of specific releases, based on our current (9/13/90) water table

contour map.

CG-EXSUM
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o Changes will be made to screen settings based on our understanding of the

complex stratigraphy at the site and on the boring data now available.
These changes to the work plan are discussed in Section 6.3 of this Report.
THE HYDROLOGICAL INVESTIGATION
The hydrological investigation entailed five activities -- a literature review, a
bathymetric survey, water discharge monitoring, sediment discharge monitoring, and riverbed
sediment sampling and analysis.

Purposes of the Hydrological Investigation

The literature review was performed to provide background information concerning

the Pawtuxet River and to evaluate the surface water bodies potentially affected by past

_ facility releases. The bathymetric survey was conducted to evaluate potential riverbed

sediment depositional areas. Water discharge monitoring was performed to determine if
ground water discharge from the facility is quantifiable. Sediment discharge monitoring was
performed to evaluate the transport of suspended sediment. Riverbed sediment sampling
and analysis were performed to measure physicochemical parameters that affect bedload

transport.

The methods and analyses used in performing the five tasks in the hydrological

investigation are described in detail in Section 5.3 of the Report.

CG-EXSUM 11



Results of the Hydrological Investigation

The hydrological investigation provided the follov?ing information:

(4]

Discharge values calculated from the three discharge monitoring events fall
within the 30th through 70th percentiles range of the discharge frequency
statistic reported for the USGS gauge at Cranston, Rhode Island.

Working rating curves were developed for the transects at the site.
Relatively low concentrations of suspended sediment were detected at both
transects under all three observed flow conditions.

Bed sediment is primarily sands and gravéls, except along the bulkhead where
the samples were finer-grained.

No bedforms having amplitudes greater than six inches were observed.

The Froude number calculated for the maximum flow rate observed indicates

that the observed river conditions are within the lower flow regime.

Therefore, bedload sediment transport rates appear to be low under the

conditions observed. The monitoring events did not include flood conditions.

The results obtained from the hydrological investigation are described in Section 5.4

and discussed in Section 5.5 of the Report.

CG-EXSUM
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SECTION 1
INTRODUCTION

11 OVERVIEW

This report summarizes information pertaining to Phase IA of the RCRA Facility
Investigation for the CIBA-GEIGY facility in Cranston, Rhode Island. = This section
describes the history of the project and facility (Section 1.2), the goals of Phase IA (Section
1.3), mobilization for Phase IA (Section 1.4), and the organization of the rest of this report

(Section 1.5). A summary concludes this section.
1.2 HISTORY

The history of this project and of the CIBA-GEIGY facility at Cranston, Rhode

'Island, are described here.

1.2.1 History of the Project

A draft Administrative Order on Consent (hereafter simply called the Order)
requiring a RCRA Corrective Action Study at the Cranston facility was issued to CIBA-

GEIGY on 30 September 1988. After negotiations and evaluation of public comments, the
Order was signed by CIBA-GEIGY on 9 June 1989 and became effective on 16 June 1989.

The RCRA Corrective Action Process has four stages:
1) RCRA Facility Assessment;

2) RCRA Facility Investigation;

3) Corrective Measures Study Proposal; and

4) Corrective Measures Study Report.
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USEPA conducted the RCRA Facility Assessment (hereafter simply called the
Facility Assessment) of the site in 1987. The Facility Assessment included a review of
background data, a site reconnéissance, and a sampling visit. Data were evaluated to make
initial determinations on past facility releases. The results of the Facility Assessment appear
in the "Final RFA Report, CIBA-GEIGY, RCRA Facility Assessment" (1988).

In 1988, additional studies were conducted by CIBA-GEIGY. A Preliminary
Investigation of the facility was performed both to provide initial data on the facility's
physical environment and to characterize selected past facility releases. The Preliminary
Investigation was not required by the Order; rather, it was performed to provide the data
needed to negotiate a comprehensive and site-specific Order. The resuits of the Preliminary
Investigation are summarized in the Current Assessment Summary Report of the RCRA
Facility Investigation Pro;;osal (Volume 1, Chapter 1).

The RCRA Facility Investigation (hereafter, the Facility Investigation) is the second
stage of the RCRA Corrective Action Process. The Facility Investigation characterizes the
impact of known and/or suspected releases that were determined to require further action
by the Facility Assessment. The Facility Investigation has two field investigation phases
(Phase I and Phase II).

Phase I will be performed in two parts -- Phase IA and Phase IB. This approach
provides an interim deliverable (the Phase IA Report). The Phase IA Report is not
required by the Order. This phased approach, proposed by CIBA-GEIGY, provides for
additional USEPA guidance throughout the process. In Phase IA, studies were conducted
to characterize the facility's physical environment more completely. The results of these
studies, along with modifications to the sampling strategies proposed for the Phase IB
investigation, are the subject of this document. The Phase IB investigation will begin after

USEPA reviews and approves this Phase IA Report.
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Phase II of the Facility Investigation entails additional site characterization tasks and
additional sampling of all media- of concern. Media Protection Standards also will be

proposed.

The third and fourth stages of the Corrective Action Process are the Corrective
Measures Study (CMS) Proposal and the Corrective Measures Study (CMS) Report.
Corrective measures to be evaluated for achieving the Media Protection Standards, and the
justification for their selection, will be presented in the CMS Proposal. An assessment of
the corrective measures proposed to meet the Media Protection Standards will be presented
in the CMS Report.

1.2.2 History of the Facility

Chemical manufacturing occurred at the facility from 1930 to 1986. Until 1954, the
Alrose Chemical Company occupied part of the present plant site. In 1954, the GEIGY
Chemical Company of New York purchased the facility from the Alrose Chemical Company
to operate as its new chemical manufacturing plant. In 1970, the GEIGY Chemical
Company merged with Ciba Corporation of New Jersey to form the CIBA-GEIGY
Corporation (incorporated in the State of New York). After the merger, the Cranston plant

was used as a production facility for manufacturing organic chemicals on a batch basis.

Major product categories (and the decades in which they were produced) included:

1950s - agricultural products, and leather and textile auxiliaries

1960s - plastics additives, optical brighteners, pharmaceuticals, and textile auxiliaries

1970s - pharmaceuticals, agricultural products, plastics additives, textile auxiliaries,
and bacteriostats

1980s - pharmaceuticals and plastics additives

In January 1984, CIBA-GEIGY announced plans for a gradual phase-out of the
Cranston plant as part of an overall consolidation of CIBA-GEIGY's chemical
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manufacturing operations. As of May 1986, CIBA-GEIGY had ceased all chemical

manufacturing operations at the facility and began decommissioning and razing the plant.

1.2.3 Solid Waste Management Units (SWMUs), Areas of Concern (AOGCs), and
Additional Areas of Investigation (AAOIs) '

Based on information submitted by CIBA-GEIGY to the USEPA and on information
gathered by the USEPA (including the Facility Assessment), twelve SWMUs and two AOCs
have been identified at the facility. Information about these SWMUs and AOCs is
summarized in Table 1-1. The locations of the SWMUSs and AOCs, and the media to be

investigated for each, are shown on Figure 1-1.

CIBA-GEIGY has identified two Additional Areas of Investigation (AAOIs) for
completeness of study. No releases from those AAOIs are known, but the potential for a
release may have existed in the past. The Additional Areas of Investigation have been
designated AAOI-15 (the Laboratory Building Waste Water Sump) and AAOI-16 (the
Maintenance Department Cleaning Area). Information on the AAOIs also is summarized

in Table 1-1 and shown on Figure 1-1.

Details on the history of the project and the facility, and on past known and
suspected facility releases, are provided in the Current Assessment Summary Report of the
RCRA Facility Investigation Proposal (Volume 1, Chapter 1).

13 GOALS OF PHASE 1A

The Preliminary Investigation of the Cranston facility was conducted by CIBA-
GEIGY to develop an initial physical model of the site. Review and evaluation of the
information from the Preliminary Investigation revealed data gaps. In Phase 1A, additional
studies were conducted to supplement existing data about the site and to provide a betfer

understanding of the facility's physical environment. Some supplementary physicochemical
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data were collected in Phase IA but were not used in this report. These data will be carried
forward and compared to data collected in Phase IB.

Phase IA included four investigations -- geophysical, geological, hydrogeological, and
hydrological. Evaluating the results of the Phase IA investigations permitted refining the
sampling strategies proposed for the Release Characterization Study (Phase IB). The

objectives for the Phase IA investigations are described here.

Geophysical Investigation. Three geophysical surveys were performed to
characterize the subsurface conditions at the site. Two of the surveys -- a seismic refraction
and an electrical resistivity survey -- were performed to evaluate the depth of bedrock, the
depth of the saturated zone, and the depths and thicknesses of the stratigraphic units within
the overburden. Data from these two surveys also were compared with information
collected from the drilling program (part of the Geological Investigation). A ground-
penetrating radar (GPR) survey also was performed at the facility to locate shallow
subsurface features that could affect ground water flow or contaminant migration. Data
collected in the GPR survey were used to locate and map the site's subsurface features (e.g.,
foundations, utilities, and trenches) and to evaluate the facility's shallow unconsolidated

deposits.

Geological Investigation. Three activities were performed to characterize the

regional, local, and facility geological environments. Two activities -- a literature review and
field mapping of bedrock exposures -- were conducted to characterize the regional and local
geomorphology, surficial geology, bedrock lithology, and bedrock structure. Data from these
two activities were used both to develop a model of the area and to assess the facility-
specific geological characteristics. The third activity -- on-site geological characterization -
- included drilling and sampling subsurface soils and bedrock. The data from this activity
were used to evaluate the overburden stratigraphy and rock lithologies. Bedrock cores wc-re

evaluated and correlated with off-site exposures. Soil samples were tested in the laboratory
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for physical properties that could affect contaminant mobility, and also were screened in the

field for volatile organic compounds.

Hydrogeological Investigation.  Three activities were performed to evaluate the
facility's hydrogeological conditions. First, bedrock monitoring wells and overburden
piezometers were installed to characterize the bedrock and water table aquifers, to
determine ground water flow directions and gradients, and to identify aquifer types and
boundaries. Second, water levels were monitored to evaluate variations in ground water
flow. Third, new wells and piezometers were slug tested to evaluate the hydraulic
conductivities of the stratigraphic units. Data from all three activities were used to select

monitoring well locations for the Release Characterization Study (Phase IB).

Hydrological Investigation. Five activities were performed to evaluate the physical

environment of the Pawtuxet River. First, a map study review was conducted to identify the
surface water bodies potentially affected by past facility releases. Second, a bathymetric
survey was performed to evaluate riverbed cross-sections and possibly sediment depositional
areas. Third, water discharge monitoring was performed to determine if ground water
discharge from the facility is quantifiable. Fourth, sediment discharge monitoring was
performed to evaluate suspended sediment transport. Fifth, riverbed sediments were

sampled and analyzed for physicochemical parameters.
14  PHASE JA MOBILIZATION

This section describes the mobilization activities that were performed before
beginning the Phase IA field investigations. In general, subcontractors were hired, the site
was staged to accommodate the investigation, and the scope of work was established. The

specific mobilization activities were as follows:

o A field office was established at the Cranston facility. Contractors were hired,

permits were obtained, and part of the existing warehouse was refurbished as
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a field office. The necessary utilities (e.g., electrical, water, telephone) also
were installed. , )

o A drilling contractor was selected and schc‘élzt'l:]};d. The scope of work was
determined, well materials were obtaineci, and subsurface utilities were
located.

o The scope of analytical work was established with the laboratory. Bottle sets
were ordered and lab time was scheduled. .

.0 Health and safety training was scheduled and conducted for the GPR
contractor, CIBA-GEIGY employees, and field support contractors.

0 The site was gridded for the GPR survey. A 10-by-10 foot grid was
established in the Production Area; a 20-by-20 foot grid was established in the
Waste Water Treatment and Warwick areas.

o A blasting contractor was hired to detonate charges for the seismic refraction
survey.  Blasting permits were obtained from the cities of Cranston and
Warwick.

o Decontamination pads were designed and built in each of the three study
areas. Three two-thousand gallon storage tanks were ordered, built, and
installed at each of the decontamination pads. These tanks will be used to
store drilling fluids, decontamination water, purge water, and development
water temporarily until disposal options have been selected.

0 River transects were established on the banks of the Pawtuxet River for both

the bathymetric survey and the water discharge monitoring events.

0 The contractors for the river investigation were selected and scheduled.
0 Finally, the scope of work for the Phase IA investigation was finalized with
USEPA.

1.5 ORGANIZATION OF THIS REPORT

The next four sections of this report describe the geophysical investigation (Section

2), the geological investigation (Section 3), the hydrogeological investigation (Section 4), and
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the hydrological investigation (Section 5). The objectives, methods and analyses, and results
obtained are presented for each investigation, along with a discussion of the results.
Conclusions, impact of the results from these four Phase IA investigations, and

recommendations are presented in Section 6. When reading this document, please note the

following:
o Terms, acronyms, and abbreviations are defined in Appendix A.
0 The figures in this document reflect the best information about the facility
and its environs that is currently available from the listed sources.
0 Tables and figures are numbered within each section.
0 Tables and figures appear following the text for a section. Tables appear first;

some tables have multiple pages. Figures appear after the tables.

1.6 SUMMARY

This section reviewed the history of both the project and the facility, along with the
goals of Phase IA. Mobilization efforts in Phase IA were summarized, and the organization

of the rest of this report was presented. The next section describes the Phase 1A

geophysical investigation.
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TABLE 1-1
SOLID WASTE MANAGEMENT UNITS, AREAS OF CONCERN AND ADDITIONAL AREAS OF INVESTIGATION
CIBA-GEIGY FACILITY
CRANSTON, RHODE |SLAND

Number Type Study Area Active Dates Location Description

Solid Waste Managment Units (SWMUs)

1 Hazardous waste Warwick Area 1981-1986 Northing: The hazardous waste storage area was designed for a maximum
storage area 248,975 capacity storage of 768 55-gallon drums. Typically, this unit
Easting: contained 300 to 400 drums. Various wastes were stored within

524,935 this unit including: flammabie tiquids and solids, corrosive

liquid and solids, organic mixtures and solids, non-hazardous
organic mixtures and chloroform, The area was asphalt lined,
diked and surrounded by a 6 ft high chain-link fence. The storage
area was approximately 42 ft+ by 58 ft. The dike was capabie of
holding 48,000 gallons.

2 6000-gal lon Production Area 1981-1986 Northing: The 6000-gallon above ground tank was used to provide storage of

hazardous waste 249,130 process wastes containing acetone, toluene, monochlorobenzene,
storage tank Easting isopropancl, naptha, xylene, heptane, methancl and water., The
523,860 carbon steel tank was 17 ft+ high, had a diameter of 8 ft, and was
enclosed by an 8000-gallon capacity dike (14.5 ft x 19 ft x 4 ft
high).
3 7500-gallon, Production Area 1985-1986 Northing: The vertical above ground tank, which had a capacity of 7500
90-day accumulation 249,110 gallons, was used to store flammable tiquids for periods of iess
tank - Easting: than 90 days. The stainless steel tank was 17 ft+ high, had a
523,890 diameter of 8.5 tt, and was enclosed by a 25,000-gallon dike

(approximately 28 f+ x 29 f+ x 4 ft high).
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TABLE 1-1 (Continued)
SOLID WASTE MANAGEMENT UNITS, AREAS OF CONCERN AND ADDITIONAL AREAS OF INVESTIGATION
CIBA-GEIGY FACILITY
CRANSTON, RHODE 1SLAND

Number Type Study Area Active Dates Location Description
4 Trast compactor Production Area 1972-1986 Northing: The trash compactor station had two compactors of 30 and
station 249,050 55 cubic yard capacity, and only handled packaging material
Easting: paper wastes and washed fiber drums. The trash compactor area
524,010 (21 ft x 36 ft) was concrete lined and drained to the waste water

treatment plant,

5 River sediment Warwick Area 1971-1976 Northing: Approximately 6630 cubic yards of sediment dredged from the
storage area 249,020 Pawtuxet River was piled in this area, The sediment was dredged
Easting: as part of the removal of the original cofferdam/waste water
525,220 outfall. The sediment was removed from the site in 1976, The

natural grade of this area was restored in 1977,

6 Zinc oxide/soil Warwick Area Late 1960's Northing: Approximately 25 cubic yards of soil containing about 10 percent
pile to present 248,920 zinc oxide residue exists on site. The zinc oxide residue was
Easting: from an incident invoiving a broken railcar. The soil pile is
524,615 approximately 50 ft long by 7 ft wide by 2 ft high.
7 Chlorosulfonic Production Area 1961 Northing: Approximatety 500 galions of chlorosulfonic acid were spilled over
acid spill area 249,080 an area about 10 ft x 20 ft.
Easting:
523,955
8 Prussian Blue Production Area 1956 Northing: Blue-stained soil, believed to be from Prussian Blue,
spill area 248,975 resulted from a spil! of unknown quantity. About 300 cubic yards
Easting: of that soil were excavated and subsequently removed.
523,990
AM90-613T1 Page 2 of 4 87X4660
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TABLE 1-1 (Continued)
SOLID WASTE MANAGEMENT UNITS, AREAS OF CONCERN AND ADD!TIONAL AREAS OF INVESTIGATION
CIBA-GEIGY FACILITY
CRANSTON, RHODE 1SLAND

Number Type Study Area Active Dates Location Description
9 Waste water Warwick Area 12 Jan 1982 Northing: A break in the main raw waste transfer line resulted in the
pipeline break 249,010 discharge of about 24,000 gallons of waste water. The waste water
Easting: entered the surface water runoff catchment system and discharged
524,840 to the Pawtuxet River, The waste water typicaltly contained
halogenated and non-halogenated solvents and other ‘organic k
compounds routinely used in the chemical manufacturing process. k
10 Waste water Waste Water 7 Sept 1983 Northing: A break in an underground waste water line résulted in a discharge :
pipeline break Treatment Area 249,575 of about 50,000 gailons. The discharge flowed into a small on-site
Easting: pond and then diverted to the Pawtuxet River. The pH of the released *
524,955 waste water was 8.5; the chemica! oxygen demand (COD) was 1010 ppm. =&
This discharge contained acetone (31 pounds), isopropyl alcohol (45
pounds}, toluene (7 pounds), xylene (1.7 pounds), zinc (0.25 pounds),
and nitrobenzene (0.125 pounds). :
11 Toluene spill area Production Area 1983 Northing: The estimated loss of toluene associated with this SWMU is :
248,990 between 9 and 90 pounds. The loss occurred via a subsurface sump '
Easting: associated with Building 11, - _
. 523,770
12 Waste water Waste Water 1970-1983 Northing: This area formerly was occupied by the waste water treatment
treatment plant Treatment Area 249,405 plant. Biological trickling towers were used and periodic sump
Easting: . overfiows from these towers resulted in discharges to the river,
525,015 influent 1o the trickling towers rountinely contained volatile and
semi-volatite organic compounds, Additional releases from SWMU-12
in excess of the NPDES permit requirements have been reported for
zinc, BOD, and phenols. For two releases, chloroform was
discharged to the river.
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TABLE 1-1 (Continued)
SOLID WASTE MANAGEMENT UNITS, AREAS OF CONCERN AND ADDITEIONAL AREAS OF INVESTIGATION
CIBA-GEIGY FACILITY
CRANSTON, RHODE ISLAND

Number Type Study Area Active Dates Location Description

Areas of Concern AOCs:

13 Process buitding area Production Area 1930-1986 Area in which most of the production activities occurred.
14 Atlantic Tubing and Adjacent to and 1981-present This property was never used or developed by CIBA-GEIGY,
Rubber Company and west of the
property Production Area

Additional Areas of Investigation (AAQls):

15 Laboratory buitding Production Area 1961-1987 The sump functioned as part of normal operations within the
waste water sump "laboratory building. The gravity sump drained to sewer !ines
that discharged to the POTW,

16 Maintenance Warwick Area mid 19605-1986 Area in which steam cleaning of maintenance equipment occurred.
department cleaning Rinse water drained to nearby surface water catch basin.
area ’

NOTE: CIBA-GEIGY has identified the two Additional Areas of Investigation; no releases are known, but the potential for a past release existed.
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SECTION 2
GEOPHYSICAL INVESTIGATION

2.1 OVERVIEW

Geophysical investigation techniques providé relatively quick and non-invasive
preliminary reconnaissance methods for locating and evaluating physical and
chemical subsurface features where actual excavation of the ground may be
undesirable or potentially dangerous. Geophysical methods have been helpful in
deciding where to concentrate investigative cleanup efforts on sites requiring RCRA

Facility Investigations (Barinaga, 1990; Benson, et al., 1985).

This section of the Phase 1A Report describes the geophysical investigation.
Section 2.2 describes the types of geophysical surveys used and their specific
objectives. Section 2.3 discusses the methods and analyses used in each survey.
Section 2.4 presents the results of each survey. Section 2.5 discusses these results.
Section 2.6 summarizes the results of the geophysical surveys. Detailed discussions
of the analyses and results from each survey are presented in Appendix B. Computer

output of the geophysical analyses is presented in Appendix C.
2.2 INTRODUCTION AND OBJECTIVES

The geophysical investigation was conducted in accordance with the Facility

Investigation Work Plan in Volume 1 of the RFI proposal. Three geophysical survey

methods were used in this investigation -- seismic refraction, electrical resistivity, and
ground-penetrating radar. All three survey methods were used in all three study areas

at the site. The objectives of each geophysical method are described here.
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The seismic refraction survey was conducted to provide continuous profiles
of the underlying soil and bedrock; the survey was conducted in October 1989 and
July 1990. The electrical resistivity survey was conducted along the same traverses
as the seismic refraction survey to evaluate the depth and thickness of the underlying
stratigraphic units, to detect and locate the presence of perched water tables
(anomalous aquifer properties), and to corroborate field data from the seismic
refraction survey and the drilling program. The electrical resistivity survey was
conducted in October 1989 and July 1990. The ground-penetrating radar survey was
conducted in July 1990 to identify shallow natural and man-made subsurface features,
if any, that might affect ground water flow, contaminant migration, or the choice of

shallow sampling methods.
23 METHODS AND ANALYSES

The methods and analyses used for each of the three surveys are described

here.

2.3.1 Seismic Refraction Survey

The seismic refraction survey used the following method and analyses.

Method

Seismic refraction is a reconnaissance tool used to determine the thicknesses
and depths of geologic layers and their respective soil or rock types. The method
relies on the fact that soil and rock have distinctive seismic wave velocity contrasts
between bedding layers and that seismic wave velocity generally increases with
depth. The method is most useful where soil-and rock layers are flat-lying and the

velocity contrast between layers is large, such as that between soil and bedrock. It
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is much less useful in areas where the sediment layers are interfingering or reworked
through glaciofluvial processes, where the layers are tilted or deformed, or where the

velocity decreases with depth in certain layers.

Seismic refraction data are obtained by imparting seismic source signals, or
"shots", into the ground and measuring on a seismograph the travel time of direct
and refracted compressional waves at geophones (motion sensors) spaced at regular
intervals along a line on the surface. At a certain point along the line of geophones,
the seismic wave that was partially refracted along the top of a faster layer will arrive
before the direct wave. The distance from the shot to this point is related to the
depth of the refracting layer because the travel time for the seismic wave is
proportional to the compressional wave velocity of the refracting layer. The
compressional wave velocity determined for each layer using seismic refraction can
be correlated with its material properties, such as density and hardness. In turn, the
soil or rock type is inferred from these material properties. For a more complete
description of the seismic refraction method, refer to Dobrin (1976), Telford, et al.
(1976), or Benson, et al. (1985). '

The seismic source signal can be produced by hitting a steel plate on the
ground with a sledge hammer, shooting a shotgun slug into the ground, or exploding
small pieces of dynamite in shallow holes. This survey used dynamite as a source
signal, detonated by a licensed blaster. For each shot, a zero-delay blasting cap was
pushed into a small piece of dynamite, buried to a depth of one or two feet, and
connected to a blasting box. An electrical signal from the blasting box exploded the
cap and dynamite, and simultaneously started the seismograph timer. Generally, five
shots were fired along each seismic line: one at each of the two ends of the line, one
in the middle of the line, and one between the middle and each of the two end

points.
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Each seismic line consisted of 12 Mark Products geophones generally
positioned at 20-foot intervals. Some geophones were spaced closer together or
farther apart to allow for obstructions (trees, brush, etc.). The geophones were
connected by cable to a 12-channel EG&G Nimbus Signal Enhancement

Seismograph which produced a hard-copy printout of the travel times to each

geophone.

The survey used eleven seismic refraction lines to provide a continuous profile
of subsurface geological units and the top of the underlying bedrock. The first seven
lines were completed in October 1989; the other four lines were run in July 1990.
Three seismic refraction lines were run in the Production Area, five were run in the
Warwick Area, and three were run in the Waste Water Treatment Area. Figure 2-1

shows the location of each line.

Analyses

The travel time data and time-distance plots for. each seismic line, along with
the elevations of all geophones and shots, were entered into the SIPT2 computer
program (written by the U.S. Bureau of Mines). The computer program determined
the velocity of each refracting layer using time-distance calculations and other
procedures developed by Hobson (1966). Depths and thicknesses of identified
refracting layers were derived using standard travel time analysis methods. The
methods were refined, where possible, by iterative ray-tracing techniques (Scott,
1972; Yacoub, 1970). The results were presented as cross-sections depicting the
depths of the refracting layer(s) beneath each line. Geological data from borehole
sampling were compared to the cross-sections to aid in data interpretation. (These

comparisons are discussed in Section 3.0.)
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2.3.2 Electrical Resistivity Survey
The electrical resistivity survey used the following methods and analyses.

Method

Electrical resistivity is a reconnaissance tool used to determine the thicknesses
and depths of geological layers and their respective soil or rock types. The method
relies on the fact that soil and rock have distinctive electrical resistivity contrasts
between bedding layers. The resistivity of soils and rocks depends on three factors
(Telford, et al,, 1976): 1) the amount of open space between particles (the porosity),
2) the degree of interconnection among these open spaces (the effective porosity),
and 3) the amount and conductivity of the water contained in the interconnected
spaces (the pore water content and pore water conductivity). In general, electrical
resistivity is inversely related to porosity, pore water content, and pore water
conductivity (salinity) -- resistivity decreases as these quantities increase. The
method is most useful where there is a large contrast in porosity or pore water
conductivity between layers (such as between soil and bedrock), between soils above
and below the water table, or between sands and clays. The method is much less
useful in areas with thick clay layers or in areas with layers having very high or very
low resistivity -- these types of layers can mask the lower layers. The pore water
conductivity in the soil or rock is the single most important factor determining

resistivity.

Electrical resistivity data are obtained by applying a low-frequency or DC
current between positive and negative steel electrodes hammered into the ground
along a linear transect. For this investigation, four-electrode arrays were used: one
pair for introducing the current into the ground (the "current electrodes"), and the

other pair for measuring the potential (voltage) associated with the current (the
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"potential electrodes"). The current flows through the ground from the two current
electrodes, and the resulting voltage is measured at the two potential electrodes. The
electrode spacing is directly related to the depth of current penetration. The spacing
of the electrodes along the transect is increased systematically to obtain a series of
measurements of electrical resistivity at increasing depth. For a more complete
description of the electrical resistivity method, refer to Dobrin (1976), Telford, et al.
(1976), or Benson, et al. (1985). |

The electrical resistivity survey was conducted using an ABEM Terrameter
SAS-300 transmitter/receiver with appropriate steel stakes and cabling. A modified
Schlumberger stake configuration was used (Telford, et al., 1976, p. 656-657). In this
Schlumberger method, the current electrodes are spaced much farther apart than the
potential electrodes, and the stake positions are moved out from a common center
point. The survey used ten electrical resistivity transects to provide both a
continuous profile of subsurface geological units and, when possible, the depths to
the water table and the underlying bedrock. Six transects were performed in October
1989; the other four transects were run in July 1990. Two electrical resistivity
transects were run in the Production Area, five were run in the Warwick Area, and
three were run in the Waste Water Treatment Area. Figure 2-1 shows the location
of each transect. Note that two transects (6a and 6b) in the western part of the

Warwick Area were on the same line.

Measurements were taken at up to 24 electrode spacings along each electrical
resistivity transect. The maximum spacing of current electrodes allowed by the
cabling is 480 feet, yielding a maximum depth of penetration of approximately 120
feet. However, eight electrical resistivity transects in this survey (1, 2, 4, 5, 6a, 6b,

9, and 11) were shorter than the maximum length of the cable.
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Analyses

The field data were entered into the KECKRES computer program (Keck
Consulting Services, Inc., undated). The Keck correction (Keck, 1981) was used to
correct the apparent resistivities obtained. This correction eliminates surface effects
and accentuates deeper observations. Both the apparent resistivity and the corrected
resistivity were plotted against depth. The corrected resistivity plots were interpreted
in terms of probable soil and rock types. Geological data from borehole sampling
were compared to the resistivity results to aid in data interpretation. (These

comparisons are discussed in Section 3.0.)

2.3.3 Ground-Penetrating Radar Survey

The ground-penetrating radar survey used the following methods and

procedures.
Method

Ground-penetrating radar (GPR) is a reconnaissance tool for locating natural
and man-made subsurface features that may impede the flow of ground water, and
for avoiding objects while drilling. The method relies on the fact that soil and rock
layers (as well as other subsurface features that could affect ground water flow or
contaminant migration) reflect radar from surfaces between layers having a high
conductivity contrast. It is most useful in areas containing resistive materials (such
as dry rocks, or clean sands that have been saturated with fresh water). It is much
less useful in areas having conductive materials (such as clay or rocks with conductive
pore fluid). GPR data are obtained by irradiating the ground with wide-band,
very-high-frequency, short-duration radar pulses (on the order of nanoseconds) from

a broad bandwidth transmitting antenna placed close to, and electromagnetically
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coupled with, the ground surface. The transmitting antenna is towed along the

ground at a constant speed, and a 0.5 milliwatt signal pulse is radiated downward at

a repetition rate of 50 kilohertz (Khz). The reflected signal is picked up by a
receiving antenna. The reflected signals are amplified and processed, and
subsequently printed on a high-speed scanning graphic recorder to permit observation
and interpretation of the subsurface in real time. Travel times of the reflected pulses
can be converted to depths from which the pulses were reflected. By towing the
transmitting antenna over the traverses (lines) of a rectangular grid, the size and

orientation of the reflective subsurface features can be estimated.

This survey used a Geophysical Survey Systems SIR System 8 unit, which
produced a continuous graphical record of the subsurface along each traverse on a
high-speed graphic line scan recorder. The system was set to record reflections from
travel times corresponding to depths of 0 to 10 feet. The transmitting antenna was
towed behind a pickup truck when possible, but was pulled by hand in areas where
the vehicle would have been unable to turn around. The GPR survey used three
grids with lines running north-south and east-west. The Production Area was surveyed
in a ten-foot grid. The Warwick and Waste Water Treatment areas were surveyed
in twenty-foot grids. The grid survey work was performed by a licensed (subcontract)
surveyor. Each of the three grids was tied into the Rhode Island survey grid by at
least one point. Figures 2-2, 2-3, and 2-4 show the grids, starting points, and
directions of traversal for the GPR surveys in the Production, Warwick, and Waste

Water Treatment areas, respectively.

Analyses

The GPR data were interpreted and subsurface anomalies were identified and

plotted on a map of each study area in two dimensions (depth and width of feature)

for each transect. The third dimension (length of feature) was added by
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concatenating the two-dimensional information across transects. The GPR data were
then compared to the facility's utility plans. Reflection patterns consistent with pipes,
conduits, tanks, piles, and wells were identified, when possible, on a map of each

study area.
24 RESULTS OBTAINED

A subsurface model was produced combining information from the geological
investigation of the site (Section 3.0) and all the information available from the
seismic refraction, electrical resistivity, and GPR surveys. The results from all three
surveys are described here. Complete, detailed analyses for each of the surveys are

presented in Appendix B.

24.1 Production Area

Results of the three seismic refraction lines run in the Production Area
(Figures 2-5 through 2-7) indicate that bedrock probably lies at a depth averaging
60 feet. Two of the three seismic lines (lines 1 and 8) did not differentiate bedrock,
however. The bedrock may be overlain by a dense glacial till of varying thickness.
A thick alluvium consisting of discontinuous and interfingering sands, clays, gravels,

and silts overlies the till/bedrock.

Results of the two electrical resistivity soundings run in the Production Area
(Figures 2-8 and 2-9) generally agree with the results of the seismic refraction survey.
The data indicate that interbedded and discontinuous sands, clays, silts, and gravels
extend from the surface down to a dense glacial till of varying thickness (up to, and
in excess of 15 feet thick) that begins at depths as shallow as 30 feet and extends as
deep as 60 feet. Bedrock appears to lie at depths of 50 to 60 feet.

CGWP5.DOC
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Results of the ground-penetrating radar survey (Figure 2-10) indicate that
individual buried utilities could not be discriminated in this area. The numerous
pipe-like anomalies that were located do not match the pipe locations shown on the
utility maps. Slab-like anomalies generally agreed with foundations shown on the

utility maps.

242 Warwick Area

Results of the five seismic refraction lines run in the Warwick Area (Figures
2-11 through 2-15) indicate that bedrock lies at an average depth of 55 to 60 feet.
Bedrock may be overlain by a dense glacial till of varying thickness. Alluvium
consisting of interbedded and discontinuous sands, clays, silts, and gravels extends

from the ground surface to the till.

Results of the five electrical resistivity soundings run in the Warwick Area
(Figures 2-16 through 2-20) generally agree with the results of the seismic refraction
survey. Bedrock appears to lie at depths of about 60 feet, and is overlain by a dense
glacial till of varying thickness (up to about 30 feet thick). Interfingering and
discontinuous alluvium consisting of sands, silts, clays, and gravels extends from the

surface to the till.

Results of the ground-penetrating radar survey (Figure 2-21) indicate that
individual buried utilities could not be discriminated in this area. The pipe-like
anomalies that were located do not match the pipe locations shown on the utility
maps. Slab-like anomalies generally agreed with foundations shown on the utility

" maps.
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24.3 . Waste Water Treatment Area

. Resulis of the three seismic refraction lines run in‘ the Waste Water
Treatment Area (Figures 2-22 through 2-24) indicate that bedrock (layer 3) lies at
depths of about 45 to 60 feet. Results generally indicate that a dense glécial till of
varying thickness lies at depths ranging from about 25 to 50 feet. Alluvium overlies

the till and consists of interbedded and discontinuous sands, clays, and gravels.

Results of the three electrical resistivity soundings run in the Waste Water
Treatment Area (Figures 2-25 thfough 2-27) generally agree with the results of the
seismic refraction survey, and indicate bedrock lying at depths of about 45 to 60 feet.
Glacial till of varying thickness (10 to 30 feet thick) overlies the bedrock.
Discontinuous and interfingering alluvium consisting of sands, clayey silts, silty clays,

and gravels overlies the till.

Results of the ground-penetrating radar survey (Figure 2-28) indicatc that
individusl buried utilities could not be discriminated in this area. The pipe-like
anomalies that were located do not match the pipe locations shown on the utility
maps. Slab-like anomalies generally agreed with foundations shown on the utility

maps.
2.5 DISCUSSION

This section compares the results obtained from the seismic refraction and
electrical resistivity surveys in the Production, Warwick, and Waste Water Treatment
areas. Since the ground-penetrating radar survey only extended to a depth of 10 feet
and no correlations could be made with mapped utilities, it will not be discussed

further.
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2.5.1 Production Area

The seismic refraction and electrical resistivity data from the Produeﬁon Area
indicate the presence of glacial till of variable composmon and thlckness overlymg
bedrock. Interbedded sands, silts, gravels, and clays overlle the till with no apparent
consistent horizontal layering. The data indicate that till is encountereq at depths
of 30 to 60 feet (Figures 2-8 and 2-9), with varying thickness. Bed;ocii is
encountered below depths of 50 to 60 feet and may be weathered, jdmtéd"'é‘)}
saturated with brackish water, based on the seismic velocities and electncal
resistivities observed (see Appendix C). The dip of the till/bedrock surface (1nferred
from seismic layer 3 on Figure 2-7) is not considered realistic and is likely a funenon

of possible reflection of the shot energy at the bulkhead.

2.5.2 Warwick Area

The data indicate that the upper 30 feet of soils are interbedded laterally
discontinuous sands, silts, and clays. The electrical res1st1v1ty data 1nd1cate the
presence of till in varying thickness and composition. Weathered and ]omted
bedrock, or bedrock saturated with brackish water, is encountered at depths of about
50 to 60 feet. The dips of till/bedrock surfaccs (mferred from seismic layer 3 on
Figures 2-11 through 2-14) may not be realistic; they are more likely a fllllCthl’l of
horizontal velocity variations in the overburden along each survey hne o

The electrical resistivity data for line 10 (Figure 2-20) indicate a thick
sequence of interbedded soils to about 60 feet. The uniform resistivities below 60
feet may indicate bedrock. The seismic data (Figure 2-15) show anomalously shallow
depth to bedrock. This inconsistency may be due either to buned obstructlons or to

poor seating of the geophones along the line. The results of the electncal re31st1v1ty

survey along line 10 are preferred to those of the seismic refractlon survey.
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2.5.3 Waste Water Treatment Area

The electrical resistivity and seismic refraction data from the Waste Water
Treatrnent AArea are generally consistent with the geophysical survey data from the
other two study areas. The upper 30 feet of overburden are characterized by
mterbedded dlscontmuous sands, silts, and clays. Till is encountered between depths
of about 30 to 50 feet, with the top of bedrock ranging from about 45 to 60 feet.

Low resrstlvmes in the bedrock may indicate saturation with brackish water.

] Lmes 2W 'md 3 are roughly parallel to one another (as shown in Figure 2-1)
and are very similar in trend with lines 5 and 6 (in the Warwick Area). Line 9 is
perpendlcu]ar to lines 2 and 3 and is consistent in the upper 30 feet of overburden.
The till and top of rock along line 9 are not as clearly defined, but appear to be

present at depths similar to lines 2 and 3.
26 SUMMARY

An overview of the results of the three geophysical survey techniques was
presented here. A more detailed analysis of each survey line is presented in
Appendlx B. The sensmlc refracnon and electrical resistivity survey results in the
three study areas were of varymg usefulness for inferring the depth to bedrock and
types of overhmden present Nerther the seismic refraction survey nor the electnca}
resistivity suwey analyzed alone, permltted a confident interpretation of the depth
to bedrock along every survey line. However, used together, and in con]unctlon with
the data obtamed from the bormg logs, these survey data permitted constructing a
reasonab]e model of the site stratigraphy. Bedrock appears to vary in depth across

the srte from as httIe as 45 feet to as much as 60 feet, and may be saturated with

‘brackrsh waten hased on the low resistivities observed. The overburden, consisting

of sands c]ays sllts ;:rave]s and tlll appears to vary widely both in depth and in
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areal extent over the three study areas; lateral interfingering and pinching-out of

these deposits would not be surprising.

Perched water tables were not identified in any of the three areas, although
the normal water table was inferred along most survey lines (as discussed in
Appendix B). The inferred water table was found at depths ranging from 3 to 18 feet
over the site, which is generally consistent with water table depths (about 4 to 14

feet) reported for the piezometers and monitoring wells (as discussed in Section 4).

The ground-penetrating radar survey confirmed the mapped locations of
former foundation and slab areas; this téchniquc indicated that individual buried
utilities could not be located, possibly due to the large amount of rubble in certain
areas.

This section described the results of the geophysical investigation. The
following sectxon describes the regional, local, and site-specific geology of the site
based on a réview of available literature, reconnaissance geological mapping, and on-

site geological characterization activities.
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SECTION 3
GEOLOGICAL INVESTIGATION

3.1 OVERVIEW

This section of the Phase IA Report describes the results of the geological
investigation. The primary objectives of the investigation focused on obtaining site-specific

information to:

o  characterize the facility's geologic environment; and

o  corroborate information collected from the geophysical surveys.

Data were evaluated to characterize the regional and local geomorphology, surficial
geology, bedrock lithology, and bedrock structure. These data were used to develop a

model of the area and to assess the geological characteristics of the facility.

This section includes discussion of the objectives of the investigation and the methods
and analyses employed. Results are presented as a _discuss.ion of regional geology, local
geology, and site-specific geology. A discussion of all results and a summary conclude this

section.
32 INTRODUCTION AND OBJECTIVES

The Phase 1A geological investigation was conducted in accordance with the Facility

Investigation Work Plan in Volume 1 of the RFI proposal. There were three activities:

1. a literature survey and review;

2. reconnaissance-level geological mapping of bedrock exposures; and,

3. on-site physical geological characterization activities.
CGGEOLMPD 3.1



The literature survey and review were conducted to place ‘the site ‘In its regional

,..,4‘ wrd

tectonic and stratigraphic setting and to provide a framework for planmng and implementing

the detailed site-specific investigation activities. Reconnaissance-level geologrcal maupmg.

S300L DG By

was performed to identify lithologies and geologlcal structur_es (such as faults, joints,

R T R R P Y T

cleavages, and metamorphic fabric) that could affect the ground water regime and could
provide a mechanism (or pathway) for potential contaminant mlgrra{tron. Sme}e there are nQ
TROERALA PANMNITT —enll

on-site surface rock exposures, the off-site geological mapping was used to identify the

subsurface rock characteristics hkely to occur under, the site. (Surficial and I)edrock

e ‘l r.-; 'I 237 1RSL J(\'l' PR AY AN 100 B CRDSS IO
geological maps of the region are presented in Chapter 1 of the RFEI Proposal Volurne I)
\ l‘\j “‘ ’. 3"0 \' A.r}{-“ -.‘3.. 1‘ H 4 '—'“ » RN
Y

S RTINS TIOTCINN RS LS iind Ll i goeneern
The on-site geological charactenzat}mn actrvmes mvolved dnllmg and samplmg of
PR WE vf“'”‘lc')l EH AR Tiy ’_‘E"Ii ol Zieli oo l‘i R TR
subsurface sediments and bedrock,,and mstallmg gnomtormg wells ‘and plezometers at
PR S TR 1050 L/ BNECTSS BNES S0t B 1SR MRS b S CAa B DO S SR Rk ons UTERAMINE
selected locations. The data obtamed were used to evaluate the overburden and bedré)ck
v

a3 veas it sl Zoe Ty ooieirt L onxdd R

lithologies and to corre]ate the on- s1te sedlment and bedrock conditions with the reglo? 1l

SUTOHCE L Jruinaiieyisiin s NIt EBELALIODEILA DAL DAl en
data. Bedrock cores were obtamed and logged for correlatlon to off~31te £xposures and_
Pov Doz ozl I

regional geology. Sediment samples were tested in the laboratory to evaluate their physical

propertles that mlght affect contammant mobility..

VTSR Wirin HERSN "“"‘ .y Ay R DE STOTIRG ‘u:(‘* D 3izienG . TENTS

SSETRE ] ST URITG TN G und t' ORI 0 ol o s e 2 o

33 METHODS AND ANALYSES ‘

Ta N . PR & ST08 SO v or i Fin e aslarnd -} v e
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The methods and analyses used in the three actmtles of the geologlcal I vestlgauon
SR FI00 20 GIT.E

are described below.

oy wnB ey RLL
syn{nsinglos O witnl) 1AL

IV
3.3.1 Literature Survey
Givsoantormar o U o baluron st oans il oriinsnn g Al
'l’he 11terature ‘was _surveyed at the US. Geologrca] Survey hbrary in Reston VA tO’
fw DOTSIOTNGS B “or IR AN L L by
vl a- e Tat i l\'il st 2y o Do R Suposrasy . g S 21t : i A
vt aacn 0. % obtain available mformauon about the reglonal geology in the
AW AL e Provrdence, R.L aréi’ and in-the Vitinity of tiie site; ' :
LIZTOION RS T S8 TR s SPRLA VRN Rtk o -7 R ST P Eos T O
estabhsh an understandmg of the geologlcal h1story of the reglon and
T TU L Pt et SR AT IE H IR O I tH EEN T COIRE I TRy
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et .0 . establish a framework for correlating site-specific geological conditions
[P0 M2 FA S S B

= o regnonal geology.
1‘,,-,:1'{.3.rz“i;'z::i::q&sffl' Litd warngraie <

The“I terature rev1ewed mcluded USGS publications, Geological Society of America

..... SETHIUTIE

pubhcatlons ‘and umversuy reports.
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332 eolog;cal Mappmg

et sl os Lo aw mer e dsorgede sy

Hi5 .:.‘ 3 sl .\l M
Recoﬁnalssance—level geologlcal mappmg was performed at bedrock exposures in the
(e N Jasnant® UM ey T §orminad nl Beosiroes

v1c1mty of the site. The closest rock outcrops are more than one mile from the site.

Companson of the mapped rock outcrops with rock cores recovered from test borings drilled

,.l' H ‘ e NN -
o et 12 x OV Pl LABSIS TN " “Sr arosIain s

at thié site prov1ded a ba51s for correlatmg the site geology to the regtonal geology. Rock

_._'AJ“"‘“V' HITSRe N

outcrops were. selected after lewemng botlt“the' Geologlcal Map of the Providence

Quadrangle, Rhode lsland (USGS 1959) “and the Gmdebogk to Geologlcal Field Studies

«,\,.; @ rmac ,,-_ !‘“' VLI

i ¥ RhodeTsland and Adjacent Areas (N ew England Intercolleglate Geologlcal Conference,

Frerss )f eonsieon o Dugaod ons biagisido seew aerc. sy

Umversny of Rhode Island 1981).

leravr ueds sradsve or Cssedal o e sivw sslgivee pierrhe? gaoleag .
i SRR ST i S el

Geologlcal mapping consisted of descnbmg the hthologles (rock types) of the exposed

rock and measuring the strike and dip orientations of the rock units. Structural features
BART AV CTAA DT
rald t I L

such as joints, faults, bedding, and/or foliation were noted ‘strike and dlp orientations also

were recorded. Representattve samples were collected for companson to bedrock core

G kst aainologe arls o vsinriios 3o oy o Beog ese e Dirg aberdiam el
samples obtained at the site.

Soad Dadriseeh o1

3.3.3 On-Site Geological Investigation

VEVH T v gieTa Wb

The Phase 1A sue charactenzatton activities consisted of drilling, samplmg, and
AAAAA Lt aitLg

loggmg seven test bormgs. Four of the borlngs, RW-1 tﬁrouéh RW-4, were completed as

bedrock momtonng wells. Well screens were mstalled in the underlying rock units in

; i “i;r:'\\a. Q.;!:{\'(,) fonicn
bormgs RW—l and RW 3. Bonngs RW—% and RW-4 were . ompleted as open-hole

momtonng wells in rock. The rematmng three bormgs were completed as deep piezometers

tvf B

| (P 19D P- EID and P- 22D), With we!l screens 1nstalled in overburden sedlments overlying

-
-
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the bedrock. Sediment and rock samples were logged and descnbed ini the fleld“(mth'

Lt ¥ N .
AT 2miget 0D vEHLOEILD 98

follow-up laboratory testing of selected sediment samples). - “
pyoEmooy aud TIVED amuil)

s

. . . RS T I I AU TSR S M T PO
The borings were drilled and sampled in conformance withthe Sampling Procedurés

described in the Quality Assurance. Plan (RFI Préi)%ééii "'-V"'ohii'ﬁg}i). Field" éofiditions

dictated certain changes in plans, such as final bormg locations and sampling of overburden

sediments. All changes in plan were approved D)} USI:PA and documented m ‘the’ monthly

TEYE i Wi »...,

progress reports for the project. The bonngs were drﬂiea w1th truck-mounted CME 75 #nid
Diedrich D50 drill rigs using hollow-stem auge} }ne{t;ods in the overburden sedxments and'

frecaa JTE e

diamond coring methods in rock.” Overbﬁrdén sechment samples Were obiained with'a 25
inch outside diameter split-spoon"’s;aﬁiﬁler’. ROk Séiﬂp‘léé‘ Were‘ob'ﬁa‘ined"‘by co’ring With'4

. TSR s TRt I e te JEL I NEECRRA oF 4 b DTG LEA s\ ST N R TP o) g SRR

5-foot long NX-size (2.125-inch inside’ dlameter) dlam'ond bit' ‘core’ batrel. "Overburden‘
] ﬂ (: qvfx el

sediment samples were preéerved in°sealed glass Jars For” subsequent Iaboratory tesung,
. e '2 7" x“"tt‘} *"J 7 nwr

recovered rock cores were placed in wooden core boxes for” preservatlon. ’
v MR wiuon T wmEithsL a8/ hna ennenuiesyon shsta-dl, s

[p—— o e T R Y ae foree . e
g 00 ruocy BLor g isn ’;!f-'.r*n.f‘i:.:sfr."‘t,‘-i

34 RESULTS OBTAINED
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ERETY ne results of'the hterature survey, the geologlcal mappmg stIVltleb ‘and thé on-site
Dhiiear gediopical haratcibtization are diVeassed Beidw, @ Aot meonsgall s yatgess
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The site is located in the west-central part of a'geological prox;ince!knowﬁ"i'ié thé
Narragansett Basin.  This partly fault-bounded Basin, extending from southeast

Mdssachusetts 0 southeast Riibae’ 1sland ‘Was a'Jaté orogemc “Structural ‘and topographlc

Basin. ‘Dunng The Faté Pennsylvaman pe\nod (aoout 290 million years' ng [mya]) the Basin

kY
o

tecéived” rapld “Anfluxed Bt ‘Honrarine; TYashic’ sedimen*ary rocks” in"assodiation Wit
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contemporaneous volcanic rocks and granitic intrusions (Hepburn and Rehmer, 1981). The
sedimentary lithologies range from feldspathic shales and sandstones to conglomerates
(Quinn, 1971). The rocks are locally fossiliferous (plant fossils) and can therefore be

relatlvely dated on the basrs of fossrls The western and eastern margins of the basin exhibit

MO

unconformable relanonshlps W.lth the underlymg older rocks (Hepburn and Rehmer, 1981).

ceimere 1w s T dee

PP SRS S "FR S PRSI RA FE PN

P S sy e,

2 cnorann r,.
The basement rocks underlymg the Narragansett Basin consist of Precambrian and

st
\"l!-

Lower Paleozorc metamorphlc and i 1gneous rocks .The eastern portion of the basin overlies
the\ fohaterl ?nlgar_marsh Granite _and undlﬂ'erenttated schists (Galloway, 1973). A
heterogenons_ .assemblage ,of, gn,elstse,s,_',gramtes,,,rnetasedrmentary, and metavolcanic rocks
underlie the western reaches. of the.basm (Mosher and, Wood , 1976). Much of the basement

4\1}

rocks underlymg the. western, portnon of the basm have been referred to as the Blackstone

Senes . Rocks, assoclated with the. Bla‘ckstone Senes are exposed several miles northwest of
the CIBA-GEIGY facﬂlty Those rocks which make up.the Precambnan basement terrain,
are high-grade meta-xgneous and meta-sedlmentary rocks that were emplaced and
subsequently metamorphosed about 600 mya. . ST AR BT L

- Narragansett Basin rocks -haye been faulted, folded, and metamorphosed to grades
ranging from diagenesis (mcnplent metamorphlsm) to upper amphibolite. facies.. Attempts
to correlate structural deformation and metamorphism directly have not been successful
(Hepburn and Rehmer, 1981). Structural deformation and metdmorphlsm of the basin rocks
occurred during the Alleghenian orogeny, a localized tectonic event  that occﬁi-féé dtmng the
Fermian period about 273 mya, (Skehan and Murray, 1980). . The, sonthern portion of the

basm ;pnderwent, the. most intense . defermation, resulting in, the .. development of tight

. isoclinal to recumbent north to-northeast trending folds and north-to-northwest trending

......

faults. Metamorphlc grade of basin rocks generally increases from north to south (Barosh
and Hermes,;1981).. . .

~f T

Wt PO " ., X o~
RIS T R« BRI DL VS T D SRR LSS te TN |

vy . . 2 N . it CoiL -
Timtt t Lt A% . o BINTHGL L S ‘\.’ AR AT r “: R “'f

The domlnant bedrock unit in the Narragansett Basin .is_the Pennsy]vaman -aged
Rhode Island Formatlon estlmated A0 be about 10 000 feet thrr‘k (Qumn, ﬁ197l,) The

formation pnman]v, consists .of gray. and b]ack conglomerates, sandstones, and shale, with

CGGEOLMPD
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minor amounts of coal. The depositional setting is interpreted to be fluvial (Qing, 1971)7
Coarse cong]omératic layers are somewhat more resistant to erosionisf Processés’ s6 theyare
generally associated with topographic highs (and possibly “wittiSubSurfacé” highis): >Thc
Rhode Island Formation exhibits varying degrees of foiding’,*‘féultix"xg"}’bnd?jb}ii'ﬁrlgf atiaTis"
partially metamorphosed. Alteration varies from diageneti¢'grade (6 the amphibolite Facids
of metamorphism. Illite crystallinity studies on the lower grade rocks of the Rhode Island
Formation have been performed (Hepburn: and Reliner; 1961)."“Thé results show that
bedrock at the CIBA-GEIGY site should -exhibit textureldnd ‘faineralogy” intermediate:

[Z3RY

. . . [ TS 3 e . _‘"...rn‘;-“,';""‘i Ty 3 i A
between diagenesis and the greenschist facies’ of metamorphisin,- 2% /-0 IHHIERI =2 ey

-

. B
i g hie | ;
LU EL St i

sar sl Bas cousdn® 2iniol 2blos Ceddes

The topography and overburdénsedifieiits 76f" the regiofi HaVve beer stroiigly’
influenced by Pleistocene gldciationtand ipost-Pleistolens livial erosional and'depositionial
processes. Overburdesnsediriesits+in’ the’ région ‘consist primarilyof glacial- Gutwash ihaf’
includes layers of clay; silt;“sand; ‘ahd gravel (Moultiop;-1956): Séveral géoinorphological
land forms associated with glacial' processEstaré pressht suchias kames, Kaint téifaces, Kame'
plains, and ice channel fillings - (Sfith:1956):" Thetglidial’ outwash -i5” generally found®
overlying bedrock in thicknesses up to 280 feet in most lowland areas. In some highland
areas outwash is not present (Bierschenk, 1959). The Pawtiivei River fiots along ‘the-
boundary between the Providence outwash plain to the north and the Warwick outwash

g e N TR ) T AT o e S Tt R STt ST NS
siatn 10°the souihi? The glacial'outwash has'been variably'éroded in'stréam’and river valleys,

[

. . . vt ST vy L. T TS D e | ot B R
andBas been teworkéd (or redepesited) as fluvial*and/oralitivial sediments.™ 1«5 2 100
et sowarest o o mislg ool wee BT sl Luolire re eile wdi T vl

3.42 Local Geology

shgr-ang 2 e o2t o cbeent ot ddsesr 0 b e b 20w sy

.7 THe unconsolidated deposits in the vicinity of the site generaily have thicknesses that’
range from 50 to 100 feet (Bierschenk, 1959):" The typical st'rat'igraph;y.in;éré'as'*~ii'1eéf" ihe!
facility;vasi described by*Bierscheniiiconsists: of a’layérsof fill that is uriderl#in by'a layer of
sand-and grave! ofivariable thickness, which in-tirn’is cndétlain by ‘a layer of:silt.
BeEn T . DR R SR o AL TSN te T - s U osaniq o sechr TRy . Sabed

a1l rScattered-pockets of Recent zlluviall degositsioccur in:dreas east of the site/Those?

deposits:consistiotistratified chays;silts, sands; and gravels which! typically représent cutwash?

CGGEOLMPD ‘ 36 AL JOE TR D



materials that were, reworked (redeposited) by the Pawtuxet River (Moultrop, 1956). West
Qf: the site,, small. isolated. pockets of material having a high organic content occur adjacent
to.the Pawtuxet .‘Rg\(_ci;, -;_f.I;hgus;q-‘,de;posits are found in Jow marshy areas where the water table
is;near t:hez_gropngi.‘_s,pgﬁgcq.ﬂ : The gnderlyi}ng sediments, however, are generally similar to the
typical gutwash found in surrounding areas (Moultrop, 1956).

Downh slodd o9 bo iy Lo weny e

sads - Rock outcrops within-a:few. miles: of the site contain exposures of the Rhode Island
Epgm@t;_pg.;.:.,:.Ptnfmgp}y,,;thc};;;quscd.\rocl_(,s;,ar;e ;partially metamorphosed sandstones and
phyllites (metamorphosed shales. -- trapsitional -between slate and schist). The outcrops
exhibit folds, joints, foliation, and cleavage. The attitude of the rock units is variable,
although thg',predonﬁqagt;;f;.strikc crientation is; generally in a northwesterly-southeasterly
dlirﬁz.ctiflﬂ-g,-’l‘:hﬁtdip. ranges from less than:30° from horizontal;to as much as 60°, in both
northeasterly. a.ll@!,:,§qut11“'qst9§ly%qinquiQ.QS-;¢f,;?!3§1e:. atitude of.cleavage (ie., dip angle of the
foliation . of the rock units) depends on. the.amount. of folding .of the.rock units in a given

locality.,.Joint orientations,tend.to be parallel to:the general:rock-structure; although there

i

are some joints that strike, and dip across the;major trend. _~ifs {onnsdn . &L

’.«

R T
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. The,site;lies within’ the ﬂood .plain; of the Pawtuxet: River;:;, The’ site; topographyzis;
typlcal of low-lying-fload plains,with relief:ranging from about.10 to 25 feet above sea.levels
Much of the site lies within the 100-year flood plain of the Pawtuxet River.

P S A D " -
vuoioadt insn d DAL
YRR 3n0E) 1

The site is generally overlain by a variably thick mantle of miscellaneous man-made

fill;, Where present, the fill overliesoverburden sediment.consisting of sands, silts, clays,

gravels, or,combinations thereof. {Thc‘c;y_erbu‘rdg:n sediments generally overlie glacial till;:
althongh till: was, not jdentified, in.all; the: borings: drilled to date.-s Where- till..wasrhof
observed, the: ovc;rburgiezg sediments overlie bedrock. :-"Where ;till is’ observed,still .(Maﬂiesa
bedrock. The bedrock observed in.Phase IA test borings is partially metamorphosed
sandsiones:and: phyllites.; Figure 3-1 shows;tpe»Phase LA:boring Jocations and section lines

for.the,geological crass;sections. /The geological.cross-sections developed.from;the.results.

CGGEOLMPD | 3.7 | R LT U0
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of the boring program are shown on Figures 3-2, 3-3, and 3-4. 'I‘he Iogs for the Phase IA

% - .5 imie
T DETEIRLDD ‘f RO S

borings are presented in AppendmlD
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The man-made fill is variable in nature" and thlckness, “and mcludes sands, snts,
organic soils, construction debris, and asphalt The observed ‘thickness of ﬁll in the tést
borings was variable. Fill was not identified’ m borihgs 'Rw-4; P-19D émd P-21D

(Figure 3-1). The thickness of fill in Bdriﬂ’g“s'RW'-l 2,5 ‘and P-22D rang'e&( ﬁom dbout

2 feet to 14 feet. The consistency of the fill ranges from very oose o' very dense.” T

water table was first encountered between about 4 feet to 14 feet below the ground surface.

HL L isioniad
Overburden Sediments
witeh v of waneh, 5o boxlinineanl, roamihee o o @iEe

The overbirdéti seaimants cohsist of Fild toCoarSegrdmedsands s",-i?y"%gndsz'*;ﬁf;;
clays, and grave]s Samples were wsually Pélassified incthe ﬁeld in general cOnformance to
the Unified Soils Classification’ bystem (Lan'lbe “and’ Whltman 1979) “The bverbirdet
sediments encountered in bormgs RW-1 and RW-4 (the Production Area and shghtly east
of the ProductloniArea) were sand1er thari sedlmehts encountered in elther the Warwwk

......

45 Eonsistent with ‘the: bormg log for P-14D ‘a bonng ‘driiled in ‘the’ Producnon Ared durmg

et S T un HILISTIOY A
tHé Préliminary Invesngatlon (see Flgures 3 2 333, a'nd 3 4) GRS R
1A ERL g santisvaely s diS-Q bas MNE LSV LSV f'm' wod at beitiineh) aw {1 o

{6 Borifgs 'RW-2'dnd P- 1*'9715?w@;é=‘*'ariifé&f-"-“c’1¢;§eio the'‘riverin’ the “Waiste Waieh
, Treatment Area (Figaré'3: 1’) "Thesé born‘igs Shedtinteréd fmer-gramed sedlments (1 e, sxlts
clays, and combinations thereof) than the borings in the Production Area. The vemcal
lithologic sequence observed in boring P-19D is somewhat similar to those observed in
borings MW-8S and MW-9S (drilled during the Preliminary Investigation), but P-19B'has
generally finer-gramed sediments. Bormg RW-Z was dnlled in the vicinity of MW-8S, but

SO dnorely TOAL L mproginehy snnnd ool
did- not Eheountér sandy Gnits.” " bt § SN
Aso T Lt anmn Lol s B apndwog awl L oavendt amw oon ot otesd
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The three bonnps drilled south of the Pawtuxet River in the Warwick Area
(Flgnre 3- 1) encountered much less sand than boring MW-6S (drilled during the Preliminary
Investigation). The lithologic sequences in borings P-22D and RW-3 are dominated by silty
and clayey units, but some sand units were present at shallow depths. A loose, saturated
silty, fine sand was encountered in boring RW-3 at a depth of about 57.5 feet. This sand

became qmck (a ﬂowm 18, unstable condmon) and flowed up into the hollow-stem auger. For

REEIEEN

that reason, it . was not possrble to collect. samples from a depth of about 58 to 68 feet. The

a3

tap of bedroclr was encountered at. 68 feet. . Casrng was driven to 73 feet to begin rock

!r. e

cormg operatrons Sand and c]ayey or sxlty sedlments were encountered in boring P-21D in

u"n

approxrmately equal proportrons

Feoal zznaet B oaar loown

CuTe oo ook rest Loy est Donods g s as

Glacral Till '

I
Glacial till is a sediment characterized by a dense to very dense consistency and

t1L obsewed n the Phase IA bormgs s, dense 10 very dense or) is_t‘lff ,to \(egyt.stxff,, gravelly
[ERS Dl 00" 2I& e

1T DS NN ¥ 1) 4 tal ayiical l

sands . or 'sﬂts/clays ;The trll layer 18 of a vanable thrckness
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Jeer Glac1a1 trll was, 1dent1f1ed ,n four of thc Phase IA bormgs,,The tlll ranged 1r1

............
A ey

thickness from. about (4. feet to. 12 fPet Two borings (P-19D .and .P:21D),; Figure, 3-1)

e i-v LL'iiA kDT _,,.._. Gt ici

enf‘onntered rock fragments in the last samples taken in each boring.. These rock fragments

RV S PSSR Lodie LAY

may represent bedrock. Where ldeanled the till was found 1o, overhe jbedrock, . The top

e WG RERRE R

of till was identified in bormgs RW-1, RW—2 RW-4, and P-21D at elevations of -33,-31, 1,
and -23 feet relative to Mean Sea Level (MSL)..respectlve]y Boring P-14D ( dn]led during

1ein .

. the, Prelxmmary Investrgatlon) encountered the top of glacial t11] at about -22 feet relative

tasd’de

to MSL . P e 8T e . e e N R ﬂ,.;: -y Ty “yey LIRS A
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The four borings desrgnated as RW-1 through RW-4, (Frgure 3:1) encountered

- bedrock; rock core was recovered. Two borings, P-19D and P-22D, may have been
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terminated at the top of bedrock. Bedrock was encountered at approxlmate elevatlons of

RS YRS G 93 S E R \,r( ) DA b
-45, -34, -55, and -4 feet MSL in borings RW-1 through RW-4 respecnvely Bonngs P-19D
i it @tludonn g duoti

and P-22D may have encountered rock at about elevauons 17 and 44 feet MSL,
respectively. Boring P-14D may have encountered rock at about elevatlon -34 feet MSL,

. NWHL:_:._‘! )'\\ll ﬂ‘ {I i ;‘1‘ , l t, “ . (5 l; 4
but did not core into bedrock.
ao hugnorier 2y, r' 2 VIR T

A flowing sand condition was encountered durmg rock coring in borlngs RW-l and

LGl 2enbuaotg el oo L "1 il »f".t:'?f""l

RW-4 (Figure 3-1). In RW-1, this condition occurred after coring approxlmately 2 feet mto
ar}f‘l.!—ﬁln—»Frji.('I" 1 .;.."::.‘l:r" E IR SO TR RN TS .'.. IR -'

the upper portion of bedrock. In RW-4, the flowing sand condition occurred approxlmately
‘Bebuloms (zelanise ooous-silae) saiontes Sarinird

5 feet into the bedrock. Sand samples collected from the return wash water consisted of

very fine- to fine- graxned silty sand. As a result of the ﬂow1ng sand conm]tron in boring
criensh g b &
RW-1, an additional boring was drilled approximately 15 feet north of the orlgmal RW-1
and advanced to the desired depth into rock for mstallatlon of the momtormg well casmg
G5 SIIIINILD Thawtiay,

and screen.

P : .
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Bedrock hthology at the site is con51stent wrth reglonal descnptlons of the
raut ealytnus odut diond soveln po DemriIiTe rav s 3l v g1 0 A0
Pennsylvaman age ' Rhode Island Formatlon Bedrock as descnbed from the recovered rock
s1aw eowduns mivisubcoo fuotberl bus aponoq rteel  (nbis o ennihiod Al eesid
cores, is pnmanly a ﬁne- to medlurn-gralned quartzmc metamorphosed sandstone
suiz minvg sne gD O80-S gty moT aslarmes SCuy isn DLsDINI (et 0 B R eg
Foliationis moderately- to well- deveIOped and d1ps at angles rangmg from about 30° to over
TEESET R l"(‘bﬁ'.ﬁ ?u’ !;' TN (HJ f.l.::s [ 2 A J\r ST AR "”1 - ‘l"( Cri LOCOTTOITET T QAEEITR
60° from the horlzontal Stnke orientation of the bedrock cannot be determmed from
(De Y aobngiifzzell 102 Doiliald luer adV zsigow. bogwoonaven™ own oo Somuotsy
unoriented rock core. The cores exhibit Jomts and fractures that tend to be parallel to the

HUEdT sty oy uiw msiizoos vioiensy v R el i shany

foliation. Fracture surfaces exhibit quartz or clay/mlca mmerahzatlon “and are occasionally

1ron-sta1ned Weathermg of the rock is generally confmed to jOll‘ltS and broken zones,
DIGLN T Ah e W3 rndg rond o LOETLTNTY TS vy ef 5 B0 e prisranel Yooty

although the rock from the one core run completed at RW—l is moderately- to deeply-

Lodiale ni e oasn goo b or ol nrads gIchy ooan 2erho acd iy N IRAD

125000 A
-weathered Thln phylhtlc layers are present in the metamorphosed sandstone probably

POy D wnos ot Lot 2ias b bague o 1ol wthiasy vhvgagh mo RE NI i
mdlcatmg that shale mterbeds also exhibit low grade metamorphlc texture.

SHTIRED A adT g owoesvsioy s 2 TED 00 vl b g

comoreds annnhulaal 9is wevni, oo ey

Metamorphosed shale and quartzmc conglomerates also were encountered in the
rock cores. These lithologies also exhibited moderately- to well-developed foliation with

subparallel joints or fractures.
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. foot (pct) to 110 pcf Porosmes range from about 26 to 46 per ceht for the undlsturbed

lntergranular porosrty in the bedrock appears to have been reduced by quartz

N .
e W e Glprral
L il bt ST S T

cementatldn and partral metamorphrsm Therefore, the most effective porosity in the

GE-TE eniied sevvdinsges

bedrock is probably within jomts and fractures (i.e., secondary porosity).
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L boratog“ Testrng for Geotechmcal Prommes of Overburden Sediments

Laboratory testing was performed on selected overburden sediment samples from the

}-‘4&\ {a #e (21 S TEL I IS LTS R TE ORI W3 AL CEN) *;l—‘;t‘ i
bormgs m_ aceordance with the procedures 1dent1f1ed in the Quality Assurance Plan,
".‘.‘f {\“’er‘j!!l"’ J..n:..."“) \-'. ~v
Volume 2 of the RFI Proposal Tests performed on undrsturbed samples (Shelby tubes) and
T AL PR RO A ’ ENSALRG MO I\ P(EYL ”5‘ 32: LT .;ai. .'"‘:'- ‘4 -

d.sturbed samples (spht-spoon samoles) 1ricluded

Y OSIZENGT RIS feing Crourst el mart Denciion asinm

arteg e it s onbe ol wig Y dlosr wond B b
o dry bulk denstty, h .
LRSS nmpvs 208 o dreeny The? S visiamooniae Dulloh anw pelin
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0 hydrauhc conductlvny, and
0 grain size distribution.
s T mobrmoacesn dsaorow ddibe anmieiieor o ste o s vnolodsd doon Do
Each of the above tests were performed on eleven Shelby tube samples from the
Anovr Bgssoset et o Badirnasb as Slogiosi i oGt beslad Thon D aus biesvivan
Phase IA bonn s. In addition, density, porosity, and h drauhc conductm anal ses were
i . ? by
NI O NIERtY SOV LIRIBIT SHRCIE Y ey e TR ST = fl' ».-'t. JSTEEIN 5 RENOULEY

performed on two remolded Shelby tube samples from bonng P-22D Twenty-one gram size

v

1S3 Vornodo ol an TIRT LGNGIE A GER T BTN H T S S B ’&'13‘1-‘_“1- et GIILH0,
analyses were performed on split-s poon samples. In addmon, gram size analyses were
T RenintyEies S onney soothsd oy W0 ol ur ipliasiend snl gied Y

perfonned on two ﬂowmg-sand samples. . The visual Umfred Soil Classification (USCS)
3O T ”"J ‘;'Jr-l B "' :\”‘ A G 1S "J}Jl; )! 1(!‘/’""'\_ CESYYRNL RoNt ] 14 WY LT SITON

made; in the ﬁeld is generally consistent w1th the laboratory results.

yingn o e R i . B P o SR SO 3 S
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Dry bulk densities of the ov verburden sedrment range. from about 80 pounds per cubic

Lot al S g B RSy e ¢ 2nid Ayt

R

wldnna, | Desisainiary =0 ph o i sueves shir L4 9 e PRI

_ samples Hydrauhc conductmty results for undrsturbed sediments range f from about 4x 104

SICTGT i woal B0 R gnohieat s ip Y niEieLibn
cm/sec (sandy sedrments) to 8 X 101‘3 cm/sec (clayey sediments). The laboratory data and

grain-size distribution curves are mcluded in Appendix E.
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3.5 DISCUSSION ' oo osbed | o badlnd
.
crimbrorg ol 0 pithinrel
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The data from the Phase 1A geological 1nvest1gatlon ‘show’ that the site geological

conditions generally conform to published regional geological models, and that overburden

YT “t A TSRt S Al
stratigraphy is more complex than might have bee expected from the Prelmnnary
SHCLSToInT neRdve BIR Boonarige ? V‘T' ST
Investigation. ' =
iy Hewr slevizelat oo 80 s T GLUUTEDODAID

The overburden sediments consrst of dlscontmuous mterbedded sands srlts clays, and’
g4 YEp o4 i el

combinations thereof. Many mdmaual units do not exlubrt lateral contmmty between

L,

or ARIE SfLTer

borings. The lack of lateral contmurty is more pronounced based on the’ Phase IA bormg
nadohas

than was apparent during the Prehmmary Investigation. The stratlgraphlc sectron “at'the site

may include glacial outwash sediments and/or reworked glacral outwash sedrrnents

redeposited in a f1Gvial s system “Attthe present tlme there is’ 1nsutf1c1ent evrdence to

v orli RoUngT Lnamhoe
distinguish betweéi' glacral Riitwash'sediments’ aiid fluvial’ sedrrnents e

ves cas v RES
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it 1547 N Ayt 3 Plated ¥ “s"

syndeposmonal” topographlc tehei WatiShs giacial processes and/or post-deposrtlonal
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The bedrock characteristics logged from the recovered rock core are consrstent wrth
AMARTER 58

o e

the rock outcrops of the Rhode Island Forrnatron observed in this study.’ . In addrtron, the
characteristics are consistent with publrshed descnptlons of the Rhode Island Formatron

The formtion is sedlrnentary in° ougm (sandstones shales and conglomerates) and Has’ been
%1 r?

i brpaoen s ; I $YOr "A!b'l)'i DR —’I TUIEG
=

L RS S T el lat -

. sub.»cquentry metamorphosed and’ detormed""

.,
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Dofasmy o neert hge 0 walommon 97vr o v

pespieete o edi
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- 21eWFiéld observ atioti'of Rhode Island }*ormatlt)n outcrops 1nd1cates that a planar featuré

.,,.E
Ax

' tentativéiy identificd as beddmg is steeply dipping at the locatlon of the outcrops Howeve'r" ”
beddirng plaies < Were notvisibIeii the rock coré 'retridved at'thé | facilrty, and' the dip angles o

of foliation are not necessarily the same as the bedding dip angles. Extensive fo]diﬁ'g' i

reported in the literature for the Rhode Island Formation (Barosh and Hermes, 1981). In
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folded rocks, beds may be flat-lying in some areas and steeply dipping in other areas,
depending on the proximity to the axial plane of the fold. Therefore, it is not known

whether the Rhode Island Formatlon is flat-lying or dippirrg underneath the site.

SIMOIC T 20 2y Lot

WL t.."‘ ' o .. 5 - "4
LaLysit s Il Hoow 's 4"’ R4 de. .

The geophysrca] data compare favorably with the boring data. The electrical

Vol HE Y DR N A

- resistivity survey data suggest interbedded sands, silts, and clays that are laterally

discontinuous. Glacial till is relatively well defined in the electrical resistivity data. The

upper pomon of the bedrock ( Rhode Island Formatron) appears to have lower resistivity

RN TS 304 LRNGY

than mlght be expected Lower resrstmty may be caused by brackish formation water, which

ISP NSRS B AH S 30 S T A s JGL CiGnde

was prewohsly found in the Rhode Island Formatlon at other subsurface locations (Frimpter

o taemd o SO NG DD2E0 Doliiane

and Maevsky, ,19-79) wloraiiaTn s .:vg':;r,...n‘“»:f-/z:-‘? voagianie ©
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The mterbeddmg and gradatnonal,{hthologv, types observed .in the overburden

. SAOsRws

sediments reduce the seqsrgrs{rty Qf;'§-}}9«J$.°1.S.’§11°>;I'9-f~r?9.99.“;-5%‘?@9@ ;f_og,:_d‘rfferentratrng these
sediments. The seismic velocities of the glacial till and underlying bedrock appear to be

snmlar,l_ _ranglng from aboui 8600 feet Per s second «(fps),to.greater. than. 12,000, Aps.- This

Vs .)

sumlanty m sersmrc velocmes makes it difficult. to dlfferent.ate till, and bedrock by seismic

MRS =t

reiiractlon methods In addmon the hthologrc vanabrhty in, the overburden,.sedl_.rgl\e;;‘t«s,-».,-,:

R - 31.2a0
‘)M ~.-l [

precludes drfferentlanon between refractrve layers. In general, the seismic data suggest that.. -
the top of bedrock ranges in depth from about 45 to 60 feet below the ground surface.
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. The Phase IA geologlcal mvestrganon has shown that the subsurface -conditions atthe, /1

Q &Rl "

site generally conform to pubhshed regional geologlcal mode]s and that the. overburden ga
sediment stratrgraphy is more complex than had been suggested by the Preliminary
Invesngatlon data. The sedlments ,consist of interbedded sands, silts, clays,.and, gravels,

some of whrch‘are.la‘teral!y\ dvrscontmu,ous. .,It,was .not _possrble: to_.establish.,thez relative;a;

:mportance of g]acral processes versus fluvial prpcesses mrthe .deposition, of.the overburden,s.
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The top of glacial till appears to exist at depths of about 25 to 50 feet, and the till.
thickness ranges from less than 10 feet to about 30 feet. Lithologically, the till is composed.

of silts, clays, and gravelly sands.

Bedrock appears to be the Rhode Island Formation, consisting of metamorphosed
sandstones and shales. Depth to the top of bedrock ranges from 28 to about 60 feet. The

shallowest bedrock is located at RW-4, and it appears to be a subsurface ridge or knob.

The seismic refraction and electrical resistivity data are reasonably consistent with
the boring data. However, the seismic refraction méthod "was not as sensitive in the
overburden sediments because of the laterally discontinuous and lithologically gradational
nature of these sediments. In addition, the similar seismic velocities of the till and bedrock

complicate the differentiation of these units by the seismic .fef_raction ‘method.
This section described the results of the gcologicél -investigation. - The following

section descrivpes the hydrogeology of the site based on the results from boring data,

well/piezometer instaliation, slug testing, and piezométric m’éps.
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SECTION 4

HYDROGEOLOGICAL INVESTIGATION

41 OVERVIEW

A hydrogeologfcal investigation was conducted to evaluate and characterize further
the bedrock and overburden aquifers at the CIBA-GEIGY facility. Data used in the
investigation included data from other Phase I investigations as well as boring log, slug test,

grain size distribution, and water level measurement data.

The Preliminary Investigation conducted at the site collected and evaluated
hydrogeological data (RFI Proposal, Volume 1). Most of the data and conclusions from the
Preliminary Investigation pertained to the shallow part of the OVérbnrden aquifer. The
inferred direction of ground water flow was toward the river. Horizontal and vertical
potential gradients were calculated (0.005 to 0.016 feet and 0.011 to 0.027 feet of potential
water movement per linear foot, respectively). The vertical potential gradient within the
overburden aquifer was downward near the bulkhead, but was upward in the northern part
of the Production Area. No data about on-site bedrock aquifer conditions were collected

during the Preliminary Investigation.

This section first discusses the objectives and methodology of the hydrogeological
investigation. Then the results of the investigation are reported, including the definition of

hydrostratigraphic units, the measurement and/or calculation of hydraulic conductivity

- values, and an evaluation of the potentiometric surface in the aquifers. Finally, the section

discusses the results and concludes with a summary.
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42 INTRODUCTION AND OBJECTIVES G2 TCEAT G GE THIR,
vroanin s Lk Imnrnanng
The hydrogeological investigation in Phase IA included three main activities. First,
a literature review was performed to obtain information about aquifers in” the’ branston-

Warwick area. Second, 15 new wells and plezometers were installed; Thu‘d water ‘level

’ R

data from all existing wells and piezometers were collected compﬂed and evaluated
TURIE £ 2 pe svoen BE T
3.0 TR - v e - K pore .v.‘-.“--u).l

The overall goals of the hydrogeological investigation for all of Phaseé T are:

0 identification of appropnate 10eat1ons for momtonng wells E
PR PO DA N e B 0 ] S ::33‘3 At S L ';i‘.”~..l§.2-';~7‘u'l;;;
{ SO NP B I
o evaluation'of ground watéi flow diréétion and gradrents ‘ e
DORTUED SR I L SNt CORVe. URUR N of L A LU B L WAL} Fe 3o W AT e
peye e~ N - I I R o

0 development ~of a"" ‘working * hypothesm for “aquifer “types  and

R NT PSS RO TULT [ IR 4 TR W Vo e s 0T e
boundaries; and '

SRR (E A oV S O TR CLIRINONE S DI Ve (A ORN SR LIPS ST T AN OPP SA LENEE S A a1

- v L Py oo

el A2 T Tia

0 evaluation of the hydrauhc conductmty of stratlgraphlc umts

s P .
These goals were part:ally satlsﬁed durmg thls mvestlgatlon, but addmonal data wﬂl

e “Te qmred ‘before” an mtegrated hydrogeologlcal conceptual ‘fnodel ‘of the site ¢an’ be
- oanIA srast o A sy oodn B anUA coonphan ol posed

eveloped

beliopel ol ayurbonesg d:rri.:mi ol 3:;-‘55'3’: faflesent oo 2usw vl D tomid
Rt 1o Dedtesie sy soneilimar D ol avnibnogg
43" MI:,THODS AND ANALYSES - -
o1 owutthad 1 oan: Groowtmnhy en o st mewina b opeoen Do ot 0 wopsieY

Gevis %
G

The Lurrent Assessiment Summarv Report (RPI Proposal Volume 1) summarizes the

'eoncluslons from Biersclienk (1959) regardmg the regronal characteristics of the overburden
and bedrock aqulfers. Further litérature searchés conductéd during the Phase’ IA

mvest1gat1on ylelded no addmonal references. Personnel at the Umted States Geolog1ca1

....

papers, water supply»papers, or open-file reports available about the aquifers. With the
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“in the Quality Assurance Plan (RFI Proposal, Volume 2). .

exception of a paper concerning coal-mining in the Narragansett Basin, the USGS-WRD

personnel indicated that no information was available.

LRI SR TR ;
EIeven dnve—pomt plezometers were installed during July 1990 (eight in the Warwick

~o
S Ll

Area, two between the Productron Area and the Waste Water Treatment Area, and one in
the Waste Water Treatment Area) as, shown in Figure 4-1. Shallow piezometers were
mstalled approxxmately 5 feet below the water table, and deep piezometers were installed

just above the till or bedrock. =~ =~

In general the procedures for mstallmg the drrve—pomt piezometers were as follows.
Piezometers were p]aced in an augered borehole and then driven for the last 5 feet.

Materials used for the plezometers mcluded threaded 1 25-1nch msxde diameter riser pipe

]

and screens. The riser pipes were gaIvamzed steel the screens were 7.5-slot (0.0075-inch)

stainless steel No engmeered fllter packs were used Protecnve surface casings were

installed. Pomt prezorneters were flnlshed w1th contmuous -pour concrete caps and aprons,

identifying decals, and locks. Drive-point piezometer installation procedures are outlined

Four momtorlng wel]s were . msta]led in the bedrock aqurfer - one each in the

AT E ol _nity

Productlon Area the Waste Water Treatment Area, the Warwrck Area and the

S e

area
%

between the PI‘OdUCt]OD Area and the Waste ‘Water Treatment Area -- as. shown 1n
Figure 4-1. These wells were installed using the following procedures. The detalled

procedures for well installation are described in the Quahtv Assurance Plan, RFI Proposal

‘Volume 2. First, a 10-inch diameter hole was advanced to the top of bedrock or to
. competent bedrock (as judged by the dn'ller) An 8—inch diameter stainless steel casing was

- then grouted into the hole W1th cement/bentonlte grout Core samples of the bedrock were

SV

obtamed using an NX—su.e core barrel After coring, a 4-1nch stalnless steel well was

lnsta]]ed inside the 8 mch casmg Two wel]s were complet_ed wrth 10-foot screens and two

ML RN £

wells were completed as open,, ho]e wel]s - nos e e - .
..... G A R LRIt S I P . i

o ; PENF IS PR S S PRI A SIS AP RS T T Gl , e AR A -
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Boring logs for the piezometers and the bedrock wells are presentzd in‘Appendix D;

well construction details are presented in Appendix F. Table 4-1 surhmarizes the élevation
| .

and depth data for all piezometers and wells at the facility, including information oncerning

end-of-boring depths and screened intervals. ST hah

, Vo e e
Z (. i W

The four bedrock wells were developed to remove remnants of drilling &ndlto
improve the communication between the formation and the'well. Development techniques
included surging and pumping with a subtuei'siblé‘;'guinp’.-'l’he progress of well' develobiﬁéﬁ”t"
was monitored by measuring the temperature; specific’ conductance, and turbidity of:the
pumped water. Well development was considered cé‘inplete"when"turbidityE temperdture,

and/or specific conductance stabilized (i.e., four consecutive measurements were the same)

or after one hour of development. Table 4-2 summarizes the development pro¢éss 10r each

bedrock well.

s e v el ‘s Ty e,
LTS Dhunaald A ‘ lae, LE RPN

Slug tests were conducted on the piezometers and wells listed in Table 4-3 to
estimate the hydraulici conduciivity of- the “fofmation- in ‘the immiediate-ivicinity- of the
screened intervals. ' (Hydraulic conductivity-is defitied as the raté of flow of water through
a one foot by one foot square cross-secuon when the hydrauhc gradlent 1s.'equa1 to one).
Both falhng dnd’ nsmg head tests were conducted In fallmg head tests a slug cyhnder is

submerged in the well and the change 1n water level is recorded over t1me In nsmg head

Faworl 5 e PR %)
2 ;/lx. o '....3.\

tests, a slug cylinder is removed “from' the well’ and the change in water level again is

recorded over time. An Il’l-Sltu SElOOOB (Hernut) data logger was used to record wate{
¥ rﬂ‘ ’srl’ l] 1.3

level changes, and field data were reduced usmg the technlque descrlbed by Cox ooper, et al.

* v ¥

(1967) A summary of slug test data reductlon techmques and the slug test data obtamed
s presented in Appendlx G Slug tests are useful tdr character]zmg aqu1fers that exhlblt
changes in ‘head” upon mtroductlon or w1thdrawal of‘ the slug that are slow enough to
tneasure If the changes in head are almost mstantaneous (or too rapld to measure), the

aqu1fer is too permeable for charactenzanon usmg slug ‘tests.
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_‘“,iﬁ_rq__!mq;wa’;er;,levels were measured in all piezometers and monitoring wells on
13 September 1990. . The depth to the water level was measured relative to a point surveyed
on; the riser; pipe, of each well/piezometer ‘using a Solirrst Model 101 electronic water
indicator. The surveyed point on each riser pipe had a known elevation. Measurements
were taken to the nearest 0.01 foot. The water level depth measurement was subtracted
from-the elevation of the surveyed point on the riser pipe to obtain the elevation of the
water surface at that location. /Piezometric maps were produced by plotting and contouring
water level elevations on a base-map. -Table 4-4 summarizes water elevation data for all five
rounds of water level measurements at the site (26. April 1988, 7 June 1988, 19 April 1989,
1. June 1989, and 13 September 1990). :

A A A N e e, . . N
LR TR ¥ S . [ e - e O ARSI

44 . RESULTS OBTAINED

The results of the Phase 1A hydrogeological investigation are presented in terms of:

we s . . S . . }

IS e . cy, 0 O L reo L are
0.:._ the definition of hydrostratigraphic units 'using-‘boring logs;., :

- oani0 -3 the potentiometric configuration of waier .in the-bedrock and.overburden
_ aqurfers and
SLopey ot ; oo, ¢ : LG Ly

o the hydrauhc conductlvmes of the bedrock and overburden aqurfers

A IR £ S S T s

. v .. \ . ' . . B

RS k st - ;o ey e T e e g g r el e

RIS SR N N o ] SRR EEDULEY COEE S P S A6 S IS SO PRSP
u

These results are dlscussed more generallv 1n Sectlon 4 3.

& oninua ey " . LIS o RIS I B0 STTTETS WA 57 601 ) B MR RS 2s) |

. . ey am an R . "%
PRgall A ».' Toaver vt QoEre Ly E T e
ESSOLANE SR 30 TS A = H . . .

441 Deﬁmtron of Hydros_tratlg[ phlc Umts U g Bo ring Log'_.s o

- ) P - T
a0 RGO ‘)“ 3 s ey M ST, S
.. . . . L " N - -

e & o - vorTEr, S et - s ST ,- IR
'J VA8 AL H . Wt ,\,,)

Informatlon obtamed from stratrgraphlc sorl bormgs was combmed mto three geo]og1c

coriers o

' eross sections: A-A', B-B, and c-C (Flgures 3 2, 3- 3 and 3 4) A generahzed geologlc

I
sequence is evident: bedrock is overlain by till, Wthh /in turn is overlain by, the

unconsolidated overburden deposns The overburden dep031ts include clayey silts, clays,

sands, and fill.
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The bedrock is composed primarily of metamorphoSed sandstonc, ‘Bt
metamorphosed siltstone and shale are also present in some cored mtervals bome of thé
cored intervals exhibit jointing or fracturing. The site stratigraphy mdjcates that the bedrock
is overlain by till and/or clay and clayey silt in the overburden deposits at all locatlons
Therefore, the geological data suggest that the bedrock is a distinct hydrostratlgraphlc umt’

- .

separated from the overlying water table aquifer by mh and/or clay and clayey sﬂt

The overburden deposits are composed of clays, clayey silts, sands, and fill. These
deposits represent the second hydrostrangrapl*uc unit, the water table aqulfer Stratlgraphlc
boring data (Append1x D) indicate’ that there is considerable mterflngermg of clays and
~ sands in the overburden deposits, producmg a lack of straugraphxc contmuity horlzontally
at any given depth. It is posslble 'that”the' presence of* clay layers produces sefi- clnlffned
conditions at various depths and locations within the overburden deposits. Another source
of variability in the ovérburden deposits is grain size. The grain size analyses of samples
collected from the overburden sediments indicate that the samples are often'pooflyjé'oftgil
(Fxgures 4-2A and 4- 2B)

. *':..'):‘ T

fetdm R

A TE et e N R . R iy .
4.4.2°"Potentiometric Configuration”of Water'in the Bedrock and Overburden Aquifers

GAT L T s BN e 3 2 B D L LT,

In all four bedrock wells, the water elevation is hlgher ‘than” the top of bedrock
(Table 4—4) In addition, the bedrock water e]evatlons differ from the water table elevations.

These iwo'tacts indicate that the bedrocl( aqulfer is ‘confined at the"site” The geologlcal

r
va bty i I
LTl . :

data suggesl tnat ‘the conflnlng layer” may ‘bé-the glamal tlll and/or clay and clayey silt beds

Lia L.. .

in the overburden sediments:

737« Water élevations for thé four bedrock wells are shown in Flgure 4-3, The data were
tiot contoured bécause there are twé distinct contour confi gurations that are consistent with
the data. The first p0551ble conhgurauon has contours that are roughly parallel to the river,
d‘"ld the downgradlem diréction”is toward thé river. Thls first conﬁguratlon implies a

hydraulic- connection with the river. The second p0551b]e -‘cbﬁﬁé{ii’ation“:has contours that

R YR L}
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contours that trend approximately northwest-southeast, and the downgradient direction is

,.l‘

southwe_st Thls second configuration implies no hydraulic connection with the river. Since
the bedrock aqulfer appears to be confined, it probably has no hydraulic connection with
the nver Rezardless, data from the four bedrock wells are insufficient to produce one
potentrometnc configuration for the bedrock aquifer. However, since there is no evidence

of contamlnzttton in the bedrock aquifer at this time, defining the flow direction is not

critical for the Phase IA investigation.

s

Two potentxometnc maps were developed for the overburden deposits. The first map

( Flgure 4-4) plots data from prezometers completed approximately 5 feet above the till or
bedrock (deep plezometers) The second.map (Figure 4-5) plots data from piezometers

completed approxxmatcly 5 feet below the ‘water table. ( shallow piezometers).

Lo Py vt . s G . . e )
D P O AT W o h ‘" . Caee ‘ Liea a7 - -

_.:.. .The potentiometric map for the deep overburden piezometers/wells (Figure 4-4) has

several notable features: .

. P ho
\ - MR U

0 A comparatively steep potential gradient is present around bedrock high areas
S an_orth of the Pawtuxet, RIVCI' (P-ZOD and P- 19D) In contrast, the inferred

contours north of the river show a less steep potentra] gradlent between the

[

it . ts - wer '
IV S S SO S0 SR L SR TS B L TR ¢

. bedrock high areas. . .. .
T ToT IR I RS § SV IR ot AT TR P L St S Sotots SN EEURA T 15 T SR W I

S B, The plezometnc surface in, the deep part of the overburden, aquer in, the
- Warw1ck Area Is. not, well def ned due to a lack of mwometerslwelk

STy L SN il e

penetratlng to the bottom of the overburden deposits.

o The ground water elevation at P—18D is lower than the elevation of the water
surface in the Pawtuxet Riy_er.' The cause of this anomalously low value, is
unknown. P-18D is screened across a zone for which there was no recovery

. in the straﬁtigraphic-boring_because. of flowing sands. Therefore, the geology

of the, screened mterval 1s unknown. N

K . [ 1 A} pie
. H ey PR . Tee s
DY i 7 . K . 1.

CGHYDGEO.MPD : 4-7 SRR I



o Except at P-18D, the downgradient direction appears to be toward 'the
FORFICL IS \‘ll
Pawtuxet River.

STE L T T

Horizontal potential gradients in the deep part of the overburden deposits
range from 0.02 to 0.10 (feet per horizontal foot), with the highest gradlents locatcd between

APELEIN

the bedrock highs and the Pawtuxet River. This range of gradients was calculated usrng the

inferred contours on the potentiometric map.

s il
.

The potentiometric map for the shallow plezometers/wells (Frgure 4-5) was based

. )

on more data and so is more detalled Severa] asPects of thrs potentrornetrrc map should
. . ot hr

be noted:
. . g Y
0 Similar to the deep overburden potentlometrlc map, the shallow overburden
potentrometrtc surface is comparatrvely steep around the bedrock hlgh areas
(P-ZOS P- 7S A and P-7S- B) The contours approach a conflguratron paralle]
o 15 T
to the river between the bedrock hlgh areas and the river. Between the
“ o i A o {
bedrock hrgh areas the potentrometnc surface is less steep
2 ‘ PR AP ) . A . R R ) Qb
it ‘ ' ' LA
o I The potentlometrlc contours are roughly parallel to the rrver ln the Warwrck
SIS I S SV L wel S A PO (A ¥
Area. ‘
T S oI B SRV L 41 R Do Lot
0 In the Productron Area the potentrometrrc surface becomes steep
v "’.Tgf".,l,’.‘a B I IVLDIPLF SN B SO A

1mmed1ately ad]acent to the bulkhead ‘this steep mchne of the water table

,v T I i SELTIONS
may be caused by flow downward to a dlscharge zone underneath the bottom

R T BB

edge of the bulkhead an elevation of about -35 feet relanve to MSL.

0.

The horizontal potential gradient in the shallow overburden deposits in the
Productlon Area ranges from 0.013 t0 0.10 (feet per. horizontal foot) The potential gradrent

is htghest in the area near the bedrock hlgh in the resrdentlal area (near P 2OS between the

{11 = P !ﬁ‘ [ L P T S B S S SRR DU

Productron and Waste Water Treatment Areas) Horrzontal potentra] gradrents in the

)
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shallow overburden deposits range from 0.01 to 0.10 (feet per horizontal foot) in the Waste
Water Treatment Area. In the Warwick Area (south of the river), horizontal potential
gradients range from 0.02 to 0.066 (feet per horizontal foot).

The exrstence of nested pairs of piezometers or wells permits calculating vertical
potentral gradrents by comparing water elevations in the two piezometers/wells. The
elevation of the water in one piezometer/well is subtracted from the elevation in the other

piezometer/well to obtain the change in head (AH). The AH is divided by the distance

.between the tops of the screens in the plezometers/wells (AL). The ratio of these values

(AH/AL) is the vertrcal potentlal gradrent Figure 4-6 illustrates the vertrcal potential

gradlent in each nested pair of prezometers/wel]s at the facility.

Upward vertrca] potential gradients within the overburden aqulfer range from 0.009
to 0 263 (feet per vertrcal foot). A few downward potentral gradrents were observed within
the overburden deposrts 0.017 (feet per vertical foot) in P- IS/Pl D and 0.031 (feet per
vertlca] foot) in MW-6S/P 18D The downward potent1a1 gradient near the bulkhead in the
Productron Area may be caused by ground water flow downward underneath the bottom
edge of the bulkhead. The cause of the downward gradrent around MW-6S/P-18D is
unknown however, P- 18D 1s screened across a zone for Wthh there rs no geo]oglcal
mformanon Tt is possrble that P-18D is screened across clay, whrch would cause the
potential gradient calculation to be inappropriate.

SRR )
Upward vertlcal potentlal gradlents from the bedrock aqulfer to the overburden

p;‘,.

aquer range from 0013 to 0648 feet per hnear vertical foot The vertrcal potential

gradrent data for MW-SS/RW 2 1s merely an estunate ‘because measurements on

13 September 1990 indicated that MW 88 was dry. However the water eIevatron in MW-8S
could be assumed to be less than 7 feet based on the potentiometric contours. Using this
aSsumed elevation limit, the- vertical gradient from RW-2 would be upward to the
overburden aquifer by at least 0 214 (feet per vertlca]) foot. However, other reasonable

assumptlons could be made SO thlS vertrcal potentla] gradrent should be regarded wrth

o
S L toi,
I
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caution. A downward yvertical potential gradient of 0.033 (feet per vertical- foot) was

observed in the residential area at P-20D/RW-4. The cause of this dowaward. vertical

potential gradient is unknown. T
443 Hydraulic Conductivities of the Bedrock and Overburden Aquifers, . = ..

Hydraulic conductivity values were generated using two techniques -- slug testing and
laboratory testing. Slug testing yielded hydraulié conductivity values for screened intervals
in the overburden aquifer. Laboratory values for hydraulic conductivity were measured on
samples of clay and clayéy silt collected from the overburden deposits. Therefore, hydraulic
conductivity values from slug_testing correspond to the. higher-yielding parts: of the
overburden aquifer. In contrast, laboratory-generated hydraulic conductivities correspond
to sediments that may function as aquitards or leaky confining layers. ; .- LT

: o oo

Shug tests werz conducted from 20 August to 22 August 1990 on all the piezometers
and wells installed during the Phase 1A investigation. The field data were reduced using a
variety of techniques, but the Cooper technique (Cooper, et al., 1967) was used for most. of
the data reduction, with modifications based on Pandit and Miner (1986). Appendix G
presents ‘the slug test data and an explanation of the data reduction techriques used.
- Table, 4.3 lists the tested piezom,etvé.jm/w@l}s along with- the test results. For some tests, data
reduction: was tictpossible. In.other words, the test results could not be matched to any of
the type.curves. - In the rising head test for.P-17S, transducer movement or. _;r_apic}-:fe,query
.of the water level may have caused.the.lack of a match to a type curve., In both-rising.and
falling head tests for P-22S, the data could not be matched to a type curve., A likely:reason
is that the length of the slug cylinder exceeded the height of the water column in the
A piezometer. At RW-2, very slow recovery of the water level during the rising and falling
head tests may have caused the data to take a shape that precluded a match to a type curve.

‘At P-18D, the cause of the variability in the test results is not known.

r,.r
'
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* ! Hydraulic”conductivities ranged from 0.1 to 1163 gallons per day per square foot
(gpd/ft*);"a range that encompasses five orders of magnitude. Possible causes of this
variation include natural variation in the formation and inappropriateness of siug testing to
some ranges of hydraulic conductivity. In addition, slug testing is error-prone in rapidly
recharging wells/piezometers; rapid recharging was observed in some of these slug tests.
Theoretically, hydraulic conductivity values generated by the falling head tests should be
close to the values generated by the rising head tests. Differences between the values
genérated by these two test methods suggest the magnitude of error variance in these tests.
At best, the slug test values should be regarded as approximations of thé aquifer properties.
T : ’

- Undisturbed samples collected from clay and clayey silt in the overburden deposits |
were »'ér.alyzed for saturated hydraulic conductivity. ~Those results are presented in
Table 4-5. The hydratlic conductivity values ranged from 8.8 x 107 to 4.0 x 10* cm/sec.
Higher values (i.e., 10*) are not chbaracteristic of clay or clayey silt (Fetter, 1980), and may
represent silt or sand layers within the clay or clayey silt. The lower values are characteristic
of:clay and silt (Fetter; 1980), and indicate that the clay and clayey silt sediments may
potentially function as aquitards. ' :

R Hydrai’xlic conductivity also may be estimated using grain size distribution. Grain-size
analyses of clays; silts, and sands in’the ovérburden deposits were plotted to produce’grain

size distribution: curves; thesé curvesiare presented in Appendix E. “The-Hazen méthod of

- éstifmiating’ hydraulic-conductivity from' grain size data (Freeze and Cherry, 1979)-cotld not

be: apphed ‘{o"thie grain size data from this mvcsngatlon because the samples do not have
whiform grain'sizé. The Hazen méthod calculates hydraulic conductivity (k) as follows: -

Lo
ot I

k = C(Dyo)*

where D, corresponds to the grain size distribution curve at the grain size value where 10%

of the sample is finer-grained, and C is a constant with a value appr0x1mately equal to 100.
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The Hazen method should be used only when D,  ranges from 0.1 to 3-mm, and when the
uniformity coefficient (Dgy/D;,) is 5 or less. (Dg, is the grain size where 60% of the sample
is finer-grained.)  Dropping the D, criterion and relaxing the uniformity coefficient
criterion to 10 or less, hydraulic conductivity can be ca_lculated for only 12 samples using the
Hazen method (Table 4-6). ‘ S ' B

. The Kozeny-Carmen method of calculating hydraulic conductivity (k) from grain size

distribution curves (Freeze and Cherry, 1979) uses the following equation: " : = “*..cf. 4%

xlpg Dz”)
u 1 180" OIS B

In this equation, n is porosity, p is the density of water, g is the gravitational constant, and
u is the viscosity of water. Table 4-6'shows the liydréii]ic conductivity values for eath grain
size analysis, assuming a porosity value assigned from published literature (Fetter, 1980).

Laboratory-generaied viiydr'éulic cohductiviiy values are also shown in Table 4-6.

45 DISCUSSION = '~ - e

 The Phase TA hydfogeo]o gical investigatiori provided data 'indic':atirig:"'tﬁat the bedrock
aqucr is at Ieast partlally confmed by the till and/or overburden clay dep051ts Evidence
supportlng thls concliision was prowded by the hydro]oglcal and geo]oglcai mvestlgatlons as
wall. “ Cofisiderabie lateral varlablhty of hthologlcs Within the overburden deposns also was
observed Water “elevation data for thé bedrock aquxfer are conmstent with two different
c,ontour ‘confi guratlons ‘and thus'two dlfferent conclus10ns about hydrauhc connection to the
- Pawtuxet River. The first conclusion is that the bedrock aquifer is hydraulically connected
10 the river; the second is that they are not hydraulicaﬂy connected. The second conclusion
'i% consistent with a confined bedrock aquifer (as is suggested by other data). Therefore, the

data suggest that the bedrock aquer is not hydraulically connected to the Pawtuxet River.
I S S S PO S I O0Y (L 1o .
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1+ Upward tvertical potential gradients were most.common in the nested pairs of
piezometerrs/wells. - However, some downward potential gradients within the overburden
aquifer-and down to the bedrock aquifer indicate the potential for downward flow. Likely,
the potential downward flow in the Production Area can be attributed to the effect of the
bulkhead; the cause of other downward vertical gradients is unknown. In all, the site
stratigraphy is considerab]y more complex than was originally conceived. Further
investigation is required in order to construct an adequate conceptual model of the site. In
particular, the western end of the Warwick Area and the area north and west of the Waste

Water Treatment Area are not adequately understood.

46 SUMMARY

PR

The fo]lowmg prehmmary conclusmns can be drawn

.....

o ApprOpnate lOC&thI‘lS for fufure momtormg wells can be selected using the
piezometric maps constructed from the Phase IA investigation. These maps
indicate the downgradient direction relative to the positions of the Solid
Waste Management Units (SWMUs), and permit locarting wthe. rﬁonitoring

e . ~wells for each‘SWMl:J appropriately.

- L -
ey b e ARV . . L. - | . . SR S S Py . - :
VIS RSN SN S A I I N ER 2SN IPURE SO E PR AL i wat

9L The upper aqulfer was, charactenzed geologncally by stratlgraphlc bormgs and

LI .'t»r:-‘ 2

, geotechmcal analyses and ‘was found to be consrderably more comp‘ex *han
X orrgmallv ant1c1pated Clays, sr]ts, and sands _are 1nterbedded m the

overburden depoqns and these hthologles are not always contmuous laterally

o The water elevation results for ground water in the bedrock aquifer indicate
that there may or may not be hydraulic connection to the Pawtuxet River.
However, if the bedrock aquifer is confined (as suggested by the data),
hydraulic connection from the bedrock aquifer to the Pawtuxet River is

unlikely.
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Ground water flow directions and gradients were inferred from potentiometric
maps of both the deeper part and the shallower part of the overburden
aquifer. Ground water in both parts of the overburden aquifer appears to
communicate with the river, so potential flow is toward the river. Horizontal
potential gradients. are high in the vicinity of the bedrock highs in the
residential area and the Waste Water Treatment Area, and are lower between
those bedrock highs. Vertical potential gradients are mostly- upward, but a
few downward potential gradients, both within the overburden aquifer as well
as and downward to the bedrock aquifer, were observed. Near the bulkhead
in the Production Area, downward vertical pctential gradients within the
overburden aquifer probably are artifacts of the bulkhead.

The seasonal variation in water levels was not documented in the Phase IA

investigation because the investigation took place only during July and

August 1990. Seasonal variations in ground water flow can be evaluated by

comparing Phase IA water level measurements with previous water level

. mezsurements-{Table 4-4). Only spring and summer are represented by water

.. level measurement data. Most of the water levels measured in early, spring

are higher than those measured in late spring and summer. Relatively high
water levels during the spring correspond to the rainy spring weather. Water
levels recede during the late spring and summer, possibly in response to less

rain and/or higher evapotranspiration.

Aquifer types and boundaries were evaluated. On the basis of both
hydrological and geological data, the bedrock aquifer appears to be at least
partially confined by till and/or clay overburden deposits. Potentiometric
maps of the overburden aquifer indicate that the Pawtuxet River is a constant
head boundary -- that is, the overburden aquifer drains to the river, and the
elevation of the river surface is expected to remain constant over certain time

scales. Because of numerous clay lenses and layers in the overburden
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"*"deposits, - partially confined conditions may exist at some depths and/or

* “locations in the overburden aquifer.

Hydraulic conductivity of the bedrock and overburden aquifer was evaluated

' using shug tests. The hydraulic conductivity values are considered to be only

approximations. Some data indicate that well recovery in the overburden

- -materials is so rapid that slug testing is not an appropriate method for

. evaluating hydraulic conduétivity at this site.

~Overall, the Phase JA hydrogeological irivestigation provided the following

new information: the bedrock aquifer appears to be confined, the

potentiometric maps of the overburden aquifer were refined, and the vertical

+ i potential gradients are variable. However, information from the Phase IA

hydrogeological investigation did not substantially affect the potentiometric

configuration of the overburden aquifer in the vicinity of the SWMUs.

This section of the report concerned the hydrogeological investigation. The following

section discusses the Phase IA hydrological investigation on the Pawtuxét River.

[N TN SR
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TABLE41 SUMMARY OF PISZOMETER AND MONITORING WELL CONSTRUCTION DETAILS
CIBA-GEIGY FACILITY
CRANSTON, RHODE ISLAND

Monitoring Well/Piezometer Data

| ¥ Month/Year “ElevationData, ., | Boring Data Bottom of Top of

“[Piezomclcr e of L - T — 1 - " Monitoring Zone Monitoring Zone

© Number.: Installation . C — P _‘~ o "}"-'-»» ) . .
' : . 1 - - 1. Ground_ {: Topof |- __ Bottom ‘ Lengthof |  Strata
_ Northing Easting, . + Surface t Riser Pipe | Depth Elevation Depth Elevation Depth Elevation Screen Monitored

PR B - q PO Y ™ . . [— R P
ams . |'2a883837. | 52399761 . | 1641 | 1000 3.57 10.00 357 7.00 657 3.00 Fill

488 . 24884166 | 52399927 i 1633, |0 @57 7 3591, 43.00 2941 40.00 2641 3.00 UD

T a8 248685.97 523887.35 . 138s T 7T | T 1707{: 1100 .1.70 8.00 470 3.00 Fill

- - ) T T I - 1.
ams 248942.37 52412806 |7 i43c " |1 (1545 11.50 280, " 1150 2.80 8.50 5.80 3.00 Fill

Cams | 24908214 | s23768.11 | 1897 i 1992 C1860 | 097 . 1800 097 15.00 397 3.00 UD

B . B G v e . Ceew - drrmteami e = e

488, | 24903059 s2391245, |1 143, |0 Z1a8 |1 1600 |- 243 | 71600 |- 243 13.00 53| 300 uD

4788 249111.64 sz01545 )P 20537l 362 |17 18007 T 73S3| 1800 |- T 353 15.00 653 | = 300 UD

488 249091.36 52401309 - |. 2128, | 2180 . | 40.00 872 |7 4000 Ta872 37.00 -15.72 3.00 UD

4885 | 24932786 | 52532332 | 173 | 126 |7 900 | 573717 77 7900 " 513 | 6.00 873 300 | uwp

Tamsn | 24933903 . | sz532060. | TUT4ER 1568 | T 007 |: 0e3| 1400 [ 063 | . 1100 3.63 3.00 UD

VR8s T AR | 4018078 | 52484959 Tis0a. T 162i7 | 11507 354 |1 1is0 3547 850 | 654 3.00 UD

RS I T e 7| 24943449 | s24091s | Tiass, |7 1610 1200 | 288 1200 | - 288 | 900 5.88 3.00 UD

2 -- N - -.

D Upaes: |. 0 ams., | 24908397 | s24985.17  |: 1250, [T 1413 | 1200 050 | 1200 | . 0.50 9.00 350 3.00 UuD

FTPaasy | 4mes | 24962705 52502511 |G Tids00 T | © 1798 1000 |. 450 1000 [ 450 7.00 7.50 3.00 NE

TpasaAa | 4ms. | 24937103 52476323, | T 14zi. | 1529 7] T 1200 221 |7 1200 221 | 9.00 521 300 |, NE
g'“}ii‘ﬁ‘giﬁ'“‘ T4 24937242 | 52476681 |, 14217 T|: 153277 | 2650 1229 1500 ) T 079 |- 12.00 2.21 "300{! 'NE

2382 |1 ,2699. |1 1500 882 | 7 1400 | . 982 1100 | 1282 |° 300 [T NE]

{Tpass” 4588 24952149 | 52377393
i

" . e e e mm [S3El ‘\v""--. L PR N . e . » . ! iUt s i Silh
pa4S.y | .48 24978933 | 523853383 ; 274" |} 20187 | 1300 | 1074 | 1300 1074 w00 | 1374 |1 Tased|i ub
Sl Lams L, | 24978661 523846.62 [t 2368, | L 23957 T P 58.50 3i82 so00, | . 2632 {1 areo | - 2832 |b 300w -

1m0 ) 24866587 52409011 ';""”13‘.‘95""‘ g““‘lsm 2500 145 |*~ 300 - i ~UD

TR T P - PERSE - a4 i e B A AuE s A i ) A i
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: " SH S TABLE 4-1. SUMMARY OF PIEZOMETER AND MONITORING WELL CONSTRUCTION DETAILS
3 E T CIBA-GEIGY FACILITY
. CRANSTON, RHODE ISLAND

i Piezometerj|  _of
Number | Instatlation

__ Monitoring Zone 3 Monitoring Zone - ;

R - PR 0

¢

5 ,l.‘___k; e . e g e e ¢ s g e e MGl i Well/Piezomtieter Dt [ e - - .
% N N i . N IO A . N ‘ R ' . ’ .

| W Well i Month/Year |- . Location Data | f < - Elevation Data™. . Boring Data . . _ Bottom'of Top of B TRt R
i ! ’

{ i

o o ; My
| Length of; Strata

Groind | Topot ‘| .| Bottom :
Screen ! | "Moniiored

Northing F,asiwg ’ ‘ - Sl]rj;a(;c | —ﬁ‘iscr}’ipc 'rDeplh Elevation Depth .‘i ) Elcvqgion ” Depth . Elevation

: . : - . . - [
HET ! i : . » .-

om0 248392.01 52403095 | 1426 | 1629 NA NA "15.50 -1.24 12.50 1.76 3.00. UD

100 248521.88 52423736 .| 1528 T 17.67 NA NA 14.50 T 078 11.50 378 3.00 uD

M0 | 24899361 ses3207 7 mar ] 1327 | NA NA |7 6600 |7 7 5459 63.00 5159 3.00 uD

Tl00 249349.16 525315.77 1370 1721 - 28.10 -14.40 ©o2810- | -14.40 25.10 -11.40 ~ 3.00 uD
TTpa0s T am0 T | 2904623 | 52425246 Tf 24600 | 2402 | NA NA e | 260 19.00 560 | ™7 300 UD

LEB2D 790 249044.49 52425697 | 2461 (| “2430 NA NA 26.00 139 23.00 1.61 3.00 UD

([ nra2is T Tuame | 24890193 s3aaas27” a9 | T 169 NA .| 7 NA ~17.00 T8t 14.00 119 300 | UD
SRR | im0 T | ase0mer | s2assss | 14bd 1575 Taz00 | ames | T 3o | T 2296 3400 [ 1996 3.00 up
A ras | ime usa9a20 | sumEw i| Tiess 1875 NA NA~ 1550 T 103 12.50 403 3.00 up °
TP e | asassze | samese | téee | 751 | sese | dise T 5800 | 4140 55.00 38.40 3.00 UD

i I A P - il R ,

588 .| 248849.44 52399088 | 1314 .| 1504 15.00 186 " 13.00 oM 3.00 1014 | 77 1000 Fill

U mwiap ] vsme” [ 24sss228 | s2a9msss | 1393 |7, 1628 “som0 | 3607 " 48.00 34.07 38.00 2407 | 1000 UD

MW-2S 58 | 24869791 s2390¢81 | 1256 .| 1446 | 2000 744 | 1800 . 5.4 8.00 456 10.00 Fill

CTwwas T[0T sme | 893706 | s2amaee | ras7i| et .| 2000 543 18.00 343 8.00 657 1000 | UDfFil
PR [P USSR NI N - - - [ SIS ——— ¥ am . - .
D vwas 58 1900542 | smse020 | isa0 T | 2129 | 1900 060 16.00 240 6.00 12.40 1000 | UD/M

MW-SS sp8 | 29m880 | sme4990 | 2382 | o207 | w00 582 16.00 7.82 6.00 17.82 1000 | UD

-

y"MW-éSg - 582 | 24899570 . | 52528337 1191 1404 30.00 -18.09 13.50 -1.59 350 841 10.00 uD

1,41 T tl.tebhes

J U Mwas | L sms 249307.92 5251820771 T 13m0 L., 1525 . 20.00 -7.00 18.00 -5.00 800 | 500 10.00 NE
T Mwss T Tsms 24921726 52493635 T 1543 V| T ThisTC 30.00 -14.87 15.50 037 5.50 9.63 1000 { UD/Fill
H H PO, [N s crer e —ra
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TABLE 4-1. SUMMARY OF PIEZOMETER AND MONITORING WELL CONSTRUCTION DETAILS
CIBA-GEIGY FACILITY
CRANSTON,RHODE ISLAND

Monitoring Well/Piezometer Data
Well/ Month/Year Location Data Elevation Data Boring Data Bottom of Top of
Piezometer of Monitoring Zone Monitoring Zone
Number Installation
. Ground Top of Bottom Length of Strata
Northing Easting Surface Riser Pipe Depth Elevation Depth Elevation Depth Elevation Screen |. Monitored
" MW-9S. 5/88 249576.85 524963.95 15.50 179 34.00 -18.50 13.00 2.50 3.00 12.50 10.00 UD/Fill
EP-1 « | 24903139 52412001 2164 | 2290 - - - - - - - -
'EP-2 - 249529.36 523682.09 23.05 24.52 - - - - - - - -
EP-5 - | 248882.06 525340.61 12.52 15.84 - - : - - - - - -
EP-6 - 249162.41 525281.88 10.17 11.04 -~ ’ - .- . o - - - -
© BP-T . - 248686.32 524961.77 14.09 1437 - - R - - - - -
EP-8 .- 249192.54 523548.92 2132 24.41 - - . 7: . - - - - -
RW-1 | 8m0 | 248864.87 523989.83 14.94 16.52 so70 | 4476 91.00 | -76.06 . 81.00 -66.06 10.00 BR
RW-2. 8/90 249219.69 524915.59 14.87 18.05 50.00 3513 | 7000 -55.13 60.00 -45.13 10.00 BR
RW3: 8/90° 248990.60 525291.75 11.87 13.49 " 60.00 4813 | g200 | - 7013 | 7200 | 6013 10.00 BR
RW-4. 8/90 249039.74 524255.17 24.08 - 379 350 942 | * s000 -25.92 40.00 1592 10.00 BR
NOTES:
1. Elevations and depths are reported in fect; elevations are referenced to Mean Sea Level. '
2. - = Information Not Available
3. UD = Unconsolidated Deposits
4. BR = Bedrock : , ‘
3. NE = Not Evaluated B} :
6. Elevation data based on surveys by Waterman Engineering Co. of East Providence, R, Louis Federici Associates of Frovidence, Rl, and Woodwzrd-Clyde Consuliants of Wayne, NI. -
) ' ’ 3 i <) . : v ! ;
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TABLE 4-2. PHASE IA BEDROCK WELL DEVELOPMENT DATA
CIBA-GEIGY CRANSTON, RHODE ISLAND FACILITY

%

Date

Start

~ Time

Completion
Time

Development ’
Method

Turbidity"

Temperature’

Conductivity’

RW-1
Rw.2
RW-3

RW-4

8/7/90
8/3/90
83190

8/6/90

9:40

11:26

16:05

14:40

13:35
11:46
17:55

15:43

Submersible
Pump/Surge

“Submersible

Pump/Surge

Submersible

15

NM

NM

:. Pump/Surge

Submessible

. Pump

NM

17.0°C

18.5°C

19.0°C

19.5°C

11 gmhos/cm

190 ymhos/cm

116 ymhos/cm

*195 pmhos/cm

NM = not measured
* = stabilized readings
pmhos/cm = micromhos per centimeter
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TABLE 4-3. SUMMARY OF SLUG TEST DATA

CIBA-GEIGY FACILITY .
CRANSTON, RI
Falling or Data Reduction ; Fp—— ...“,‘__,..”--m.:p
Well ID Test No. Rising Head Test Technique TC (gpd/m) TAQ (gpa) | K (emmec), b
P-158 P15S Falling Black (1978) 'NA NA i 11E2.,
P1SSA Rising Black (1978) " Na NA . 11E2
‘ i
P-168 P16S Falling Black (1978) NA' "~ Na B2,
P16SA Rising " Black (1978) ' NA NA T T1E2 |
. - ) - - - - e A ;;-n. > T4 A -
P-17S P17S Falling ""Bouwer & Rice (1976). NA~ NA . 1T TurEl,
P17SA Rising T T T Unavle to Reduce Data* . . k
P-18D P18D Falling T Unabie to Reduce Data* I
P18DA » Rlsmg ) Unable to Reduce‘ijata‘ ) B
P-19D PI9D [T 7 Falling " Cooper et al (1967) % 0 43E4.
PI9DA” " Rising """ Cooper et al (1967) 4 T T aes ;‘
ot ",,"'_ HEETH = in t T E ot Il el B v Y Fa
P-208 P20SR T FeMing - . .|, Cooperetal (1967), . 7/ A oA
el pggg K | T Rising T " Cooper et'al (1967) Coes | NAT . 10E3
P-20D P20D Falling Cooper et al (1967) 3 8 42E-5
P20DA Rising Cooper et al (1967) 6 18 1.0 E-4
P-218 P21S Falling Cooper et al (1967) 1 NA 19E-$ :
P21SA Rising Cooper et al (1967) 1 NA 15E5
P-21D P21D Falling _ Cooper et al (1967) 543 6421 . 8SE3 |P
P2IDA Rising Cooper et al (1967) 2779 ‘32,483 43E-2 ].
p-228 P22S Falling Unable to Reduce Data*
P22SA Rising Unable to Reduce Data*
ET R
CIBA.TBL



TABLE 4-3. SUMMARY OF SLUG TEST DATA (coatinued)

CIBA-GEIGY FACILITY
CRANSTON, RHODE ISLAND
|
— F ll; or ‘ Data Reducti
Test No. Rising Head Test Technique TC (gpd/t) TAQ (gpd/fi) K (cm/sex)
P22D Falling - Cooper et al (1967) 3490 59,960 54E-2
.. P2DA .| Rising Cooper ct al (1967) 510 88,829 80E-2
RW1 . Falling ... _|.. Cooperetal (1967) . 26 NA 1.0E+4
.. .RWIA . Rising .. ~ Cooper et at (1967) .. 45 NA 1.7E4
RW2 Falling. . . .. ... .. _Unable to Reduce Data*
RW2A . Rising . . | .. . Unable to Reduce Data®
RW3 Falling . Cooperetal (1967) . |... 4 : NA 17E5
. Rw3A . Rising Cooper et al (1967) 1. N NA 43E-6
. RW4 .. Falling Coopercial 1967) | .. 122 - .| - .na .. SO0E3
. RW4A. Rising Cooper et al (1967) 840 .. ~Na 33E3
——
i TC=" "~ ’I‘ransmlssmty across the screcned léngth of the well per Coopcr, et al: (1967) in galions per day/foot 3
i TAQ'=  Transmissivity across the saturated thickness of the aquifer in gallons per day/foot. B
K= Horizontal Hydraulic Conductivity (m cennmelers per second). Reponcd in scientific r~otauon ( i.e, 33 E-3 = 0.0033).
= _See texl for explanation. . - Lz e e e e met e e e e ke e e e e s
]
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T TABLE 44. SUMMARY OF GROUND WATER ELEVATION DATA
CIBA-GEIGY FACILITY
_ CRANSTON, RHODE ISLAND

S e S e e oo o l
i:. _Piezometer/ ' __.Water Level Elevation__ _!. - _Water Level Elevation = | 1 ... Water Level Elevation Water Level Elevation Water Level Elevation
i Weil:No. 26 April 1988 i 7 June 1988 . 19 April 1989 1 June 1989 13 September 1990
:i memi——— . :. [ ;. - vwa a e - -— 4o ame - .‘L_.v ———— . vartt Acmiem tttan e er wm e R4 ——— .

4 L) v ; et

SRS T T TTeesl T T T[T T TRML, T T T T T s 9.57 8.78

- PiD ' 828, T T ;-' I -9.,}18 ) 868 . 823

i ““'-.];és ; - j 743 . R T "I\'ﬁﬁ‘_‘. - v_ e F TR, - | . 666 e

BT T R ¥ A R V1S U U 1211 11.32

—— nm | mE e C  fee = s Toer
11.36 T TTNM, ! CToazas T T 174 10,63

11.51 I TUNM ’ ' To1247 T T T 1193 11.04

' T62s5 : NM, , 7.44 ‘ ‘ 615 10.70

B e Lo TV, P P — - I SHUNPYTURS R S . - - - .

ITUPASE, g 6.24 i CUNM 13 T emsT 1038

LA - S e S A L 2 Y T X T 6.56
; T o186 T TTTTAM, T T KX Tl T T Bao T “ 911

| 625 | 77 T NM T T I A £ 6.54

Vo7 179" I PR ) Y 12330 T R 3 T "7 11.86
. , wntcmrm e w4 meem et e ames - - b awa. ma- PO e reemamen =

7.80 823 ‘ T 764,

8.69

13.68

i 2.148; 1491
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TABLE 4-4. SUMMARY OF GROUND WATER ELEVATION DATA
CIBA-GEIGY FACILITY

e N S T - . . . D P T VbRl e A= . . : . : L N e e e - T

il .J.’.i.ei;‘f’;"‘é.‘!?!'/ R Water Level Elevation || _ Water Level Elevation _Water Level Elevation | Water Level Elevation Water l_;c:v';luﬁlcvation_ L
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TABLE 4-4. SUMMARY OF GROUND WATER ELEVATION DATA
CIBA-GEIGY FACILITY
'CRANSTON, RHODE ISLAND
Piezometer/ Water Level Elevation Water Level Elevation “Water Level Elevation Water Level Elevation i Water Level Elevation
Well No. 26 April 1988 7 June 1988 £ 19 April 1989 1 June 1989 13 September 1990
MW-1§ NM 9.57 $ 11082 9.99 NM
- hl ) f .
MW-1D NM 9.97 4 ' 974 9.13 8.74
MW-25 NM ' 8.70 b 11006, 1 935 8.53
MW-38 NM 827 a  igaed o Y| 8.53 820
MW-4S NM 11.58 S 1227 1187 NM
) [N
MW-5S NM o 14.85 x * 15.80 15.39 14.16
MW-68 NM ’ 6.55 T 182 6.86 6.76
MW-7S NM ) 697 803 ' 733 714
MW-8S NM 607 C 7698 T w e oo sese "Dry* **
.o P o ‘ R R e v D s
MW-9S NM : 11.33 VX7 SRR PRSI T S 11.54
. . = i . . .
RW-1* NI NI o i NI NI 8.76
RW-2* NI NI SN NI i 1133
RW-3¢ NI ’ ‘ NI ‘ cu e BN ‘ NI i 10.46
PO | )
RW-4* NI NI 2 NI .. .. NI 959
i - vy s - s - .- oy . , ':.j
NOTES: 1 Elevations are reported in feet and referenced to Mean Sea Level. A I S ': ’; SRS . .
2 NM = pot measured; NI = not installed at that time. : Eat e Lo p o ; . ' " '
3 The Pawtuxet River elevation was recorded at the Iocauon of the railroad bndgc on 19 Apnl 1989 1 Juné 1989, and 13 Septemter 1990 The elcvanons were 6 96 6 46 6 70, and é 50 mpectlvcly
¢ Installed during Phase IA " va 1
. The measurement indicates that the weli/piezometer is dry, but this result is not Izkely based on other considerations. Field error is likely. l : ;4
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TABLE 4-5.

GEOTECHNICAL RESULTS FOR UNDISTURBED SOIL SAMPLES

CIBA-GEIGY FACILITY

. CRANSTON, RHODE ISLAND °

1 {

SAMPLE.
DEPTH -

SAMPLE ID {ft)

+ ]

POROSITY
(%)

DRY BULK
DENSITY

(pcf)

HYDRAULIC

{cm/sec) ¢

CONDUCTIVITY

P19D-ST-1 ‘14-16

P19D-ST-2 "20-22
P21D-ST1 16-18

P21D-ST-2 30~-32

P22D-ST1 & 24.5-26

P22D-ST2 . 34.5-36

RW-1-ST-1 45-47
RW-2-ST-1 20-22
RW-3-5T-1 20-22
RW-3-ST-2 {ée-ao

RW-4-ST-1 “24~-26
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. ; Sy og a ]
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.o

5.0 E-6
1.6 E-6
8.8 E-7
4.0 E-4
2.1 E-6
1.4 E-S
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1.3 E-5
2.3 E~4
1.7 E-6

pcf = !
* Hydraulic
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TABLE 4-6. CALCULATION OF HYDRAULIC CONDUTTIVITY FROM
- GRAIN SIZE DISTRIBUTION CURVES. (1)
| CIBA-GEIGY FACILITY
- CRANSTON, RHODE ISLAND
|
GRAIN SI!ZE SAMPLES FROM THE SATURATED ZONE
ASSIGNED HYDRAULIC HYDRAULIC HYDRAULIC
SAMPLE iD GRAIN SIZE D10 D50 D60 D90 D60/D10 POROSITY CONDUCTIVITY CONDUCTVITY CONDUCTVITY
CLASSIFICATION | (mm) (3) [ (mm) 3) | tmm) (3) | (mm) (3) | (unitormity |from Fetter, 1980) (4|  BY HAZEN BY KOZENY-CARMEN | BY LABORATORY
ATDS0 () | ratio) METHOD METHOD METHOD
{cm/sec) (5) (cmfsec) (5) (cm/sec) (5)
P22DSS5 SAND 0.001 0.094 0.11 02 1100 0.275 2.1E-01
P21DSS15 . __SAND 0.056 0.18 0.24 0.67 43 0.275 3.1E-03 7.8E-01
RW4S9 SAND 0.013 0.15 0.19 0.55 14.6 0.275 5.4E-01
RW3S7 SAND 0.14 0.89 1.2 0.275 2.0E-02 1.9E01
RW1S$13-15 SAND 0.093 0.74 0.92 0.275 8.6E-03 1.3E01
[AWASS8 2 T L BAND - Y0.068Y |- “0.4G 1 [ 0720 i 2, 0.275 ; ) 5.8E00
fP21DS318 o] %o GAND G o] 0.001 o0 M35 00y B B IR 4.1E01
i[P19DSSE7A {5+ + SAND. = [ 043 Jv ~ 340w v - 1By 2T SBADETE T Hhi N vy it adi g0 Rl patd 4,7E01
{P1eDS34 . v IGAND - {0,089 |- 059 7] 086041 ol 0275 . 7.9E-03 . 8.4E00
{AW3STA 2o 3 . SAND - 7'[¥ 0,001+ €0,08 5 H[- 0,096v: FORTE  THRCTHIG L ALgh e @in gy (e Y ] BEGE
| AW3S4 f SAND | o003z | o014 || 047 0.275 4.7E-01
RW2S22 , “SAND | ooo1 | o017 | o023 0.275 ] - 7.0E-01
|RW1SS24 | SAND | ooot | oes5 | 22 0.275 | 2.2E01
IRW1SS20” SAND | 00033 | owse | 0.4 0.275 ; 2.2E-01
iP21DST2 ' 'SAND | o.067 o2 | 024 0.275 4.5E-03 ' 9.7E-01 -
{P19DST1 ‘ ST 0001 | c.0058 ! 0.0089 0.425 1.0E-06 ~ 43E:03 5.0E-06
lrivests CSILT 00023 | o038 | 0048 0.425 | | _ 1.8E01
1aW4sTY . SILT ] voot | o007 | 0013 0:425 6.9E-03 8.5E-07
Ipwistes _SILT 0.001 002 | 0029 0.425 - o0 ' 5.7E:02 1.7E-08
TRW2ST1 ' LSILT 0001 | ooore | 0012 0.425 _ 8.2E-03 1.3E-05
[RW1ST1 . SILT 1 0001 | 0005 | 0.0073 0.425 U1,0E06 7 3.5E-03 ~'2.0E-057
1P21DST1 w2 SILT 0.001 | 0.0058 | 0.0089 ' ; 0.425 : 1.0E-06 i 4.8E-03 8.6E-07:
{P22DST2 ST - 0.001 | '0.0057) |4!0.0085 | b [aoit 60 408 Gu: M| 41.0F:C6 AN 4.6E08 o' - | He.. 4 4E-05 THA
{P19DST2:1 Tt SILT 0.001 | 00058 | 06078 | ; 100,425 ¢ .t 1.0E-06 .~ 00, 4.8E-03 4 LA TV .6E06 1 A
1P22DST1 : CLAY | 0001 | 00033 | 00054 Ve 0.466:L ¥ 1.0E-081° i-2.3E-03" i 21 E-06!0
| IR ROy LiETLALYAED ¢ - e
- - Wt I T =1 PIE RS TR R TS T i S S LI Y e b b e i e, - e e e e et wm o
o e LAWETE S CVILORY - I I
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o0y L Y SpneT o K
TABLEm10 CONDUGCTIVITY FROM ] )
erim m e em [ - - e Lo v ] - GRAINLSIZE DISTRIBUTION CUORVES. (T} | - o et e T T
: =" -~ [ CIBA-GEIGYFACILITY - - |-+ - === == o[ — i
; R S CRANSTON RHODE ISLAND A DA T T T e
GRAIN S|ZE SAMPLES FROM THE UNSATURATED ZONE | T N
S el Rl Jay | ASSIGNED . HYDRAULIC | HYDRAULIC HYDRAULIC |,
oAMP' E:ID CGRAIN SIZE D10 (ppoe ‘Deoe | DYe? D6C/D10 POROSITY CONDUCTIVITY CONDUCTIVITY CONDUCTIVITY
ShEd CLASSIFICATION | (mm) (3) | (mm}+{3) {mm} H3) | {(mm) {3) | (uniformity [from Fettér, 1980) (4] BY HAZEN BY KOZENY-CARMEN | BY LABORATORY
3 AT D50 (2) e GLOGed { & G retic) R METHOD METHOD METHOD
AT T ! : P RN {em/sec) (5) i (cm/gec) (5} {em/sac) {5)
p22Dsse2 | SAND 44.0 0.278 1.2E-02 iz
pP22DSS3B SAND : ) 9.4 : 0.275 2.6E-02 2,.4E01 ek
RW4SS ¢ . SAND 018 | 023s § 079 250.0 0.275 7.8E-01 St
RW2582 SAND 0737 | 23 | 4@ 14,8 0.275 . 1.3EM
P21DSS1 ; SAND 089 - | w183 | 48 22.2 : 0.275 IAVRRR 1.9E01.
P210SS5 SAND 015 | 015 | 076 | 600 . 0.275 4N 5.4E0t
P19E)SS1-2 SAND 034 | 017 | 042 48.6 . 0.278 ' N 4 7E-01
; =AL Yero ) SEOF wm | Nt oAl 3§
o, J SN B} TN
PR HEETE A S AU La- L2 Nty
(1} Calculation methods used include the Pazen and the Kozény-Carmen melhods (Freéze and Cherry, 1979). Laboratory values are also shown. See text for equations.
{2) .Classification used tu characterize the median grain size (D59) of the sample is Wentworth-Udden (Leéder, 1982). | VLT ]; e
‘1f3) D10, D50, D60, and D30 denote the grain size values from the distiibution curves for which 10%, 50%; 60%, and 90% of the sample, respectively, is finer-grained.
{4) :Porosity values were selécted from a table of typical porosity values for unconsolidated sand, silt, and clay (Fetter. 1880).
(5)*Hydraulic conductlvny values are reportad in scierlific notation: 1.0 E-03 = 0.001cm/sec. f oD
HHERL 20 L “) N '., - CUa [BRAH . (R LN ) < 3. . TR [ ;
L . : . Curtid D l '
! . AR s 4
3 Uyisa B
: ’ R T B R
L I IR
VA AT il st Lk RV
i
! :
I t 1
i _, o i. .
! L N;}.'i’a‘_‘.
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Figure 4-2A, The D10, D50, and D90 of overburden sampies
collected from soil borings, CIBA-GEIGY, Cranston, R,
plotted on a logarithmic scale.
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SECTION 5
HYDROLOGICAL INVESTIGATION

51 OVERVIEW

A hydrological invéstigation of the Pawtuxet River was undertaken along the reach
bordered by the CIBA-GEIGY Cranston facility (hereafter called the "facility reach"). The
facility reach extends from just upstream of the Bellefont Pond drainage outlet to just
downstream of the Warwick Avenue Bridge (Figure 5-1). Chapters 1 and 3 in Volume 1
of the RFI Proposal contain detailed descriptions of the Pawtuxet River and its watershed,
based on information obtained from the United States Geological Survey (USGS) and from
CIBA-GEIGY files.

The RFI Proposal included a geographical description of the river and its watershed,
a discussion of flow statistics for the river at the USGS gauge at Cranston, a review of
estimated sedimentation rates, and a review of the Rhode Island state classification of the
Pawtuxet River. All the information about the river in the RFI Proposal was obtained by
searching the literature. For this reason, the Phase IA hydrological investigation included
direct measurement or evaluation of the river flow, bathymetry, and sediments along the
facility reach. For example, the flow and sedimentation of the Pawtuxet River along the
facility reach were evaluated using the data gathered in this investigation. Water discharge
data were compared to USGS data for the Pawtuxet River. Sedimentation patterns were

evaluated using bathymetry, suspended sediment sampling, and by éalculating the flow

_ regime for the flow conditions observed during the investigation.
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52 INTRODUCTION AND OBJECTIVES o

e
e

The hydrological investigation of the Pawtuxet River was conducted in accordance
with the Facility Investigation Work Plan in Volume 1 of the RFI proposal. Theé' overall
goal of the hydrological investigation was to evaluate the physiéddﬂemiéal characteristics of

the river with respect to storage and/or transport of constltucnts of concern. To accomphsh

e .- . - ”,
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this goal, the following activities were undertaken.
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o Describe the location, elevation, depth, width, flow rates, seasonal variation,
flood potential, and Rhode Island state classification along the facility reach

of the Pawtuxet River.
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o Evaluate the riverbed sediment thickness profiles. ’

W gt "“‘f'Chs{fact'eriie’?t}ié physical pi'ojjériies"‘of riverbed ‘sediments asing grain size

dlstrlbuuon ‘bulk- aerlslty, cation exuhdnge Lapacuy, pH; por051ty, and tota1
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““The niethiods and analySés used in thehydrological investigation are described here.
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5'3.1 "Litératuré' Review -

' ~The following - information was available at the United States Geological
Suivey-Water Resourcés Division  (USGS-WRD) ‘office in Providence, Rhode Island; and
was reviewed for the investigation: :
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o Average daily discharge data for the Pawtuxet River at the Cranston, Rhode
Island gauging station for the Water Years 1978, and 1980 through 1987.
. 0. Selected daily flow statistics based on the entire period of record (1941
. through 1985')_.;.1_
0 A rating table showing discharge values as functions of river stage. (Stage is

defined as the elevation of the river surface above a reference point).

5 3 2 Bathvmctric Survey

River reconnaissance was performed to prepare for bathymetric surveying. WCC
personnel established end points for ten transects of the river, and also verified the location
of outfalls to the river from CIBA-GEIGY property. The exact locations of transect end
points were surveyed subsequently by Federici Associates, Inc. of Providence, Rhode Island.
Verified outfalls included both surface outfalls from various SWMUSs and the process water

outfall from the Waste Water Treatment Plant.

p Abathymetnc map of the Pawtuxet River along the facility reach was generated from
a survey conducted on 23 July 1990 by Ocean Surveys, Inc. (OSI) of Old Saybrook,
Connecticut. WCC personnel accompamed OSI personnel during the survey. The
bathymetric survey was run along ten transverse transects (shown in Figure 5-1) and one
longitudinal transect. Survey equipment included .a: Raytheon DE-719C survey grade

fathometer and a hip chain. The fathometer was calibrated by performing bar checks before

and after surveying the transects. (A har check involves positioning a stainless.steel lead line

at a point of known depth in the river, and adjusting the electronic signal of the fathometer
to produce the correct depth on the chart recording.) Extensive aquatic macrophyte beds
(weeds) obscured part or all of the fathometer output on five transccts:. j,TR-FOI, TR-F02,
TR-F03, TR-F03, and TR-F10. For those transects, depth was measured every 10 feet along

P P nee
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the transects with a rod calibrated in 0.25 foot increments. The post-suirvey bar check

indicated that drift on the fathometer was less than 0.5 feet during the survey. ... .. . . n

A
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5.3.3 Water Discharge Surveying S L e nam

Two additional transects were established along the. facility reach.for water and
sediment discharge monitoring. The Discharge Survey Upstream (DSU) transect is located
approximately 75 feet upstream 'of-TR-FOZ; the Discharge Survey, Downstream (DDSD)
transect is located approximately 30 feet upétream of TR-F08. Important characteristics of
these locations include the shape of the river channel in cross-section, the lack of turbulent
eddies on the surface, and location at the upstream and downstream -ends.of the facility,

reach. The DSU and DSD transects also are shown in Figure 5-1. . - - .0 ope

R NS TR E o Ly

Discharge was momtm'ed at hoth transects on 25 Iuly, 3 August, and 20 August 1990,

At each discharge monitoring transect, a line was tied to trees on opposite banks and pulled
tlght to provide a txe-lmP Measurement locations were established along the tie-line in
accordance with the USGS mid-section met'lod (USGS, 1977), illustrated in Figure 5-2.
Reconnaissance measurements of the water velocity were taken at about 6 representative
points on each transect in order to establish the measurement locations on the transect:
The goal was to choose a full set of measurement locations such that in no case wo-ﬁld the
discharge of a partial section (qi) exceed 10% of the total discharge of the river flow (Q).
Sipce the discharge- .o.f -the partial sections was to be held re]ati'qcly_chstant.,,_,(,lO%;,),
measurement locations were spacecii widely ;where. discharge waslow, and closély where
giisghawrgc‘,_.was.high. . Despite the reconnaissance Iﬁéasurex;aents, the discharge in 30 of the
72 partial sections exceeded 10% of the total river discharge, as shown in Figures 5-3 and

5-4. This outcome may have resulted from variability of flow at different stage values.

. . . "

...... The depths at each measurement location on DSU and DSD were measured using

a rod calibrated in 0.25-foot increments. The flow velocity at each measurement locatxon

was measured usmg a factory-cahbrated Marsh-McBlrney model 201 flow meter. ; Acrordmg
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to USGS-(1977}, when total depth at a measurement location is greater than 2.5 feet, the
flow velocity’should be measured at two depths: at 20% and at 80% of the total depth.
These measurements are averaged to obtain one flow veloc1ty measurement for the
measurement location. When total depth is less than 2.5 feet, flow velocity should be
measured at 60% of the depth below the water surface (USGS, 1977). In most cases, depths
at'the measurement locations were greater than 2.5 feet. The river stage was recorded
beforé and-after each ihonitoﬁng event at transects DSU and DSD by reading two staff
gaugcs calibrated in 0.1-foot increments. -

" Total water discharge was calculated for each transect during each event using the
USGS mid-section method (USGS, 1977).' River-discharge values generated by the USGS
using this method have variable accuracy, ranging from + 2% (considered excellent) to
more than + 8% (considered poor). The accuracy is estimated by the investigator
conducting the discharge survey based on prior discharge monitoring experience (USGS,
f)ersonal communication, 1990). The dynamic nature of river discharge is a nain reason for
uncertainty in determinations of ‘accuracy. - For this investigation, it is estimated

conservatively that the accuracy of calculated discharge values is + 10%.

5.3.4 Suspended Sediment Discharge Moriitoring'

" Depth-integrated water samplesb'wcre collected concurrently with water discharge
monitoring at each of the measurement locations along DSU and D)SD. Thé samples were
collected with a pcrist'altic pump equipped with a flexible intake tube. ‘Depth integration

was achieved by l'dlSlIlg the intake of the tube at a’ constant rate from apprommately 6

. inches above the river bottom to the iop of the water column.

Water samples were analyzed for total suspended solids (TSS). The TSS
concentration in each sample is considered representative of the TSS concentration in each

pavtial section. Watier discharge (q;) for each partial seciion was multiplied by the

corresponding TSS concentration t0 yiéld suspended sediment discharge (ss)) in each partial

- CGPHIARE.MPD 5.5 ConovE



section. Total suspended sediment discharge (SS;) is the sum of Suspendcd--sedimeht

discharge in all of the partial sections: weoem ST
q; (liters/sec) x TSS,; (mg/liter) = ss; (mg/sec)
ss; (mg/sec)/1000 = ss; (gm/sec) o Sl

SS; (gm/sec) = X (ss;) (gm/sec)

Based on duplicate TSS analyses, estimated accuracy of the TSS results was + 1.3

HOR PETS TR BNNL.
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5.3.5 Riverbed Sediment Characterization , .

Riverbed sediments were collected at eight locations shown in Figure 5-1. At six of
the locations (SD-FOIR, SD-FO1AR, SD-F02R, SD-F03R, SD-FOSL, and SD-F10R), both
undisturbed and disturbed samples were collected. Undisturbed samples were collected
using a push core apparatus. A 10-foot length of 4-inch diameter aluminum pipe was
pushed into the sediment until refusal was encountered. The pipe was filled with river water
from the top and sealed at the top with a i)lastic cap to provide a partial vacuum during
withdrawal of the core (Surface tension and the partial vacuum act to retain the sediment
inside the pipe during withdrawal). The pipe was pulled out of the water quickly and sealed
on the bottom with a plastic cap. A hacksaw was used to saw off the section of the pipe not
filled by sediment, and then the top of the sediment core section was sealed. The top,
~ bottom, and sample number were marked on the outside of the sealed pipe. Undisturbed

samples were analyzed for porosity, bulk density, and particle size distribution.

Disturbed samples were collected in a similar manner; however, when the pipe was

pulled out of the water, the sediment. was extruded from the bottom of the pipe into a

CGPH1ARE.MPD 5-6



labelled 500 ml glass jar. Disturbed samples were analyzed for pH, cation exchange capacity
(CEC), and total organic carbon (TOC).

Attempts to collect push cores at SD-FO6L, SD-FO7R, and SD-FO8R were
unsuccessful on 25 and 26 July 1990. Grab sample collection was attempted at all three of
these locations on 3 August using a Shipck Model 860 grab sampler. Large cobbles became
lodged in the sampler intake at SD-FO6L and SD-FO7R, causing loss of sample as the
Shipek was hoisted through the water column. Repeated sampling attempts resulted in
collection of sample sufficient only for particle size distribution analysis at SD-FO6L and SD-
FO7R. No sample was recovered at SD-FISR despite repeated sampling attempts with the
Shipek sampler. Due to the difficulties encountered during grab sampling, the particle size
distributions of samples collected using this method may not be representative of the

riverbed sediment.
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54  RESULTS OBTAINED - 2

e
4

The results of the Phase IA hydrological investigation are described here, inc]udihg’i

-

o a general description of the Pawtuxet River;

0 the bathymetry of the river along the facility reach;

0 water discharge in the river along the facility reach; -

0 suspended sediment discharge in the river along the facility reach; and - *

o physicochemical characteristics of sediments in the river along the facilit:y]'
reach. e

These results are discussed more géncral’ly in Section 5.5." ST v

5.4.1 General Description of Pawtuxet River

The Pawtuxet River and its watershed were described in detail in Volume 1,
Chapters 1 -and :3, of the RFI Proposal. This section summarizes the backgrourd
information in that document and reviews newly acquired information concerning the river.

The Pawtuxet River basin includes approximately 230 square miles (Metcalf and
Eddy, 1983). The north branch of the river (about 6 miles iong) flows from the Scituate
Reservoir, while the south branch (approximately 9 miles long) tlows from the Fiat River
Reserveir. The two branches converge at Rivér Point in West Warwick, frora which point

‘the raain stern of the Pawtuxet River (about 12 miles long) flows into Pawtuxet Cove in

~Narragansett Bay. The main stem of the river flows through highly developed residential,

industrial, and commercial areas. In addition to the two reservoir dams located at thé
upstream reaches of the north and south branches, flow in the Pawtuxet River is regulated

by the Pawtuxet Cove Dam and multiple small mill dams throughout the length of the river.

-
R
—
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Rhode Island state classification of Pawtuxet River water varies along the length of
the river. The main stem of the river above the Cranston Sewage Treatment Plant (STP)
is Class C (suitable for boating and other secondary contact recreational activities, for fish
and wildlife habitat, and for industrial processes and cooling). Below the Cranston STP, the

Pawtuxet River is Class D (suitable for migration of fish and has good aesthetic value).

The topographic elevations of several surface water bodies in the vicinity of the site
were checked on a topographic map of the area. Pleasure Lake, Edgewood Lake, and
Elmwood Lake are interconnected lakes located in Roger Williams Park. They have a
v.vater surface elevation of 29 feet above mean sea level (MSL). Fenner Pond has a surface
water elevation of 23 feet. The elevation of Bellefont Pond is not shown on the map.
However, it is entirely enclosed between the 10-foot and 2C-foot contour lines, and therefore
has a surface water elevation greater than 10 feet and less than 20 feet. The hydraulic
gradient of ground water in the water table aquifer at the CIBA-GEIGY facility is toward
the Pawtuxet River, and the river elevation has ranged from approximately 6.5 to 7.5 feet
above MSL during the Phase IA investigation. Therefore, the Pawtuxet River appears to

be the only surface water body in the area that is hydraulically downgradient of the facility.

Sedimentation rates in the Pawtuxet River have been measured by a few
investigators. On the basis of anthropogenic marker compounds contained in the sediments,
Avila and Hites (1979) estimated sedimentation rates of 2.1 and 3.4 cm/year for two
locations (one location adjacent to the facility and the other location approximately one mile
downstream of the facility). Using a similar methodology, Quinn, et 2l. (1985) estimated

that sedimentation rates ranged from 2.4 to 2.6 cm/year ‘in the 1960s and from 0.6 to 0:9

cm/year in the 1970s. They attributed the decrease in sedimentation rate tc cessation of

censtruction activities associated with Interstate Highway 95.

The USGS Cranston stream gauge has a period of record from 1941 to 1985 (data
from more recent years is not yet in the computer data base at the USGS-WRD office in

Providence). The time-duration curve for the Pawtuxet River at Cranston for the period

CGPH1AREMPD 5-9



1941 to 1985 is shown as Figure 5-5. Low and high extremes for mean monthly discharge
are 75 cubic feet per second in July 1957 and 1788 cubic feet per second in April, 19,8;3,
respectively. Geographic limits of the 100-year floodplain of the Pawtuxet River in the
vicinity of the facility are shown in Chapter 1 of the RFI Proposal (Volume 1).

The Providence USGS-WRD has generated a rating table for the Pawtuxet River at
the Cranston gauge that relates discharge to river stage (i.e., elevation of the river surface):
The period of record is 1941 to 1985. Figure 5-6 is a rating curve plotted from selected
values from the rating table. The curve has a distinct break in slope at a discharge of
approximately 600 cfs. This break in slope may represent a fundamental change in flow

conditions, such as flooding beyond the banks of the river.

Releases to the Pawtuxet River from the Scituate Reservoir have varied over time:
Wright and McCarthy (1985) reported that 18 to 20 million gallons per day (mgd) were
released over a period of 4 to 8 houfs every day except Sunday. The manager at the
Scituate Plant informed WCC personnel in September 1990 that releases are now madc
continuously, amounting to approximately 1 mgd except during springtime periods of heavy

rain and runoff,

5.4.2 Bathymetry of the Pawtuxet. River along the Facility Reach

The bathymetry of the Pawtuxet River along the facility reach as reccrded on
23 July 1990 is shown on Figure 5-1..It shows the dei)th contours (with 0 depth equivalent
to approximately 6.4 feet elevation above mean sea level), location of outfalls, riverbed
sediment sample locations, and the poSition of the water discharge monitoring cross-sections
' DSU and DSD.

Water depth in the Pawtuxet River along the facility reach ranges from 2 to 9 feet.
The depth contours clearly show the development of pools (deeper areas) and riffles

(shallower areas). Pools are developed in areas where the channel narrows, indicating that
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highér-velocity waters may be scouring the riverbed sediment. In general, pools reflect
erosional - processes, whereas riffles indicate deposition or resistance to erosion due to

riverbed sediment resistance or presence of rooted plants.

General morphologies of the water discharge monitoring transects DSU (Discharge
Survey Upstream) and DSD (Discharge Survey Downstream) can be inferred from the
bathymetric map. DSD exhibits a fairly uniform morphology, deepest in the middle and
shallowing toward either bank. In contrast, DSU is characterized by two channels near each
bank separated by a shoal in the middle of the transect. The morphology of DSU is not
optimal for discharge monitoring, but it represented the best possible monitoring transect

at the upstream end of the facility reach.

5.4.3 Water Discharge in the Pawtuxet River along the Facility Reach

Water discharge was monitored at DSU and DSD on 25 July, 3 Avgust, and
20 August, 1990. Table 5-1 summarizes the discharge results. '

The survey on 25 July was preceded by rainy weather. Rainfall records at 'IF. Green
Airport in Warwick show that 0.53 inches fell on July 24 and 0.55 inches fell on July 25.
Because the weather cleared by noon on July 25, 1.08 inches of rain fell in the {roughly) 36-
hour period preceding the discharge survey. The river stage increased about 1 foot during
the night of July 24/25. Therefore, the results of this survey are considered representative
of higher flow conditions. The calculated watcr discharge was 337 cubic feet per second
{cfs) at DSU and 382 cfs at DSD. Based on the USGS-WRD daiiy flow statistics, the

. discharges measured on 25 July 1990 at DSU and DSD are greater than 65 to 70% of the

daily flows observed at the USGS Cranston gauge over the period of record (1941 to 198’5)‘.
The discharge increases by approximately 45 cfs from DSU to DSD, a difference amounting
tc about 12% of the total discharge.

; N
. ’
H -A.J
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Discharge monitoring on 3 August was preceded by a week of dry weather, s the
results are likely to represent low flow conditions. The calculated water discharge was 138
cfs at DSU and 130 cfs at DSD. The discharge values are greater than only 20 to 22% of
the daily discharge values at the Cranston gauge over the period of record. The discharge
calculations indicate a slight decrease in river discharge from DSU to DSD. However, the
decrease in discharge from DSU to DSD (about 8 cfs) is only about 6% of the discharge
calculated at either DSU or DSD. This» 6% difference is within the + 10% error estimated
by WCC personnel for the stream discharge monitoring. As a result, it is interpreted that
the difference between discharges at DSU and DSD was not measurable on 3 August. --

!

Rain, with an associated rise inI the river stage, began while DSU and DSD were
being monitored on 20 August. The calculated water discharges of 147 cfs ai DSU and
190 cfs at DSD were somewhat higher than the corresponding values from 3 August. Thesé
discharge values are greater than 25 to 39% of the daily discharge values at the USGS-
WRD Cranston gauge over the period of record. The river discharge on 20 August fell
between the discharges on 25 July and 3 Awugust. Discharge increased by 43 cfs from DSU
to DSD. This downstream gain is a 29% increase from the total discharge measured at
DSU. | |

_

The stage-discharge relationships derived from the three monitoring events were
-compared to the corresponding section of the USGS rating curve for the gauge on the
Pawtuxet River at Cranston, as shown in Figure 5-7. The lines for DSU and DSD resemble
closely the line for the USGS rating curve. |

544 Sﬁsmnded Sediment Discharge in the Pawtuxet River along the Facility Reach

i+ /" Suspended sediment discharge values for DSU and DSD during all three monitoring
events are presented in Table 5-1. At DSU, suspended sediment discharge ranged from-10
to 158 grams/sec (0.85 to 13.4 long tons/day). At DSD, the range was 3 to 218 grams/sec

(0.26 to 185 long tons/day). These values represent the mass of suspended sediment
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passing the measurement locations per second at the ﬁmc of surveying. (Suspended
sediment concentrations in individual samples ranged from not detected (lesS than 3 mg/)
to 22 mg/l.) Figure 5-8 shows suspended sediment discharge as a function of water
discharge for both DSU and DSD. Under the water discharge conditions observed during
the three monitoring events, the suspended sediment discharge increases exponentially with
increased water discharge as would be predicted because of the higher sediment carrying

capacity of the river under increased flow conditions.

5.4.5 Physicochemical Characteristics of Sediments in the Pawtuxet River along the Facility
Reach

Riverbed sediments were obtained by push coring and grab sampling. (The sampling
locations are shown on Figure 5-1.) The field descriptions and recoveries for each sediment
sample are given in Table 5-2. Table 5-3 gives analytical results for cation exchange
capacity, pH, total organic carbon, dry bulk density, and porosity for the riverbed sediment
samples. This section describes the results for each analyte.

Grain size distribution curves for each sample are sht;wn in Appendix E. These
results were produced from grain size analyses that were incomplete. In addition, the values
for porosity and dry bulk density (given in Table 5-3) are questionable because the analytical
methodology used may not be appropriate for riverbed sediments. Therefore, the results
of the geotechnical analyses {porosity, dry bulk density, and grain size distribution) must be

considered as preliminary.

Cation exchange capacity (CEC) values are very low, ranging from not detectzd to
8 milliequivalents/100 grams. A compilation of CEC values for different materials is shown
in Table 5-4, supporting the conclusion that riverbed sediments from the Pawtuxet River

have extremely low cation exchange capacity. ' P

P Lo Lz e we |
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The pH values of the riverbed sediment samples were all slightly acidic, ranging trom
5.4210 6.00. These values are expected for a sediment composed of siliciclastic sand andjor
gravel with little or no buffering soil components (such as carbonate minerals derived from

limestone or dolomite).

Total organic carbon (TOC) results range from 110 to 20,000 mg/kg (i.e., 0.01 % 1o
2.0 % by weight). Gilham, et al. (1980) reported on fifteen unconsoiidated geologic samples
that had TOC concentrations ranging from 0.03 to 2.05% by weight. The TOC content of

riverbed sediments in the Pawtuxet River appears to be within the range for naturai

f.
t e

matenals.
5.5 DISCUSSION

The results of the hydrological investigation are discussed more generally in this

section.

5.5.1 Calculation of Ground Water Discharge to the Pawtuxet River along the Facility

Rcachr -

The Pawtuxet River is a gaining stream (i.e., the discharge of the river increases in
the downstream direction). This description of the river is documented by water levels in
the water table aquifer that are higher in elevation than the river surface (cf. Section 4.0 of

this report). Therefore, ground water in the water table aquifer flows downward to the

o

river. The cause of increased discharge in a downstream direction in a gaining stream is

. that ground water discharge from the watershed augments the flow of the river.

S

“* " When there are no rainfall or runoff surface contributions to the discharge of a river,

the river is considered to be under base flow c‘onditions.‘ Under base flow conditions, all

water discharge increases from DSU to DSD would be attributable to ground water
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discharge alone. During rain, discharge increases from DSU to DSD will be caused by a

variable combination of rainfall, runoff, and ground water discharge.

The ﬁver probably was not affected by rainfall or runoff on 3 August because there
was no rain in the area; therefore, the river appeared to be under base flow conditions. The
q§créase in water discharge from DSU to DSD on 3 August (Table 5-1) reflects the effect
of _error m the ciischarge measurements. Theoretically, discharge decreases in the
denstrcam direction indicate recharge of the aquifer by the river. However, the difference
m discharge measurements at DSU and DSD on 3 August is less than 10% of the total
discharge and is regarded as error variance. If true base flow conditions prevailed, these
results suggest that the amount of ground water discharge from the facility cannot be
measured by comparing stream discharge values at the upstream and downstream ends of
the facility reach. In summary, the discharge difference between DSU and DSD was within
error variance on 3 August and was close to error variance on 25 July. On 20 August, the
increase in discharge from DSU to DSD §vas probably affected by rain and a slight increase

in stage.

On 25 July and 20 August 1990, the amount of discharge gain from DSU to IDSD was
45 cfs and 43 cfs, respectively. However, both of these monitoring events were affected by
rain. Therefore, it is likely that these results do not reflect base flow. conditions. The
downstream increase in discharge may be attributed to ground water discharge; direct
rainfall on the river, runoff from the facility, and (possibly) stage increases occurring while
discharge monitoring. was taking place. It is impossible to establish with confidence the

relative contributions of these factors. It is likelv, however, that ground water discharge

. accounted for a only a fraction of the discharge increases observed on 25 July and 20

August. Based on the data gathered during river discharge monitoring, ground water
discharge along the facility reach of the Pawtuxet River probably is not measurable by

stream discharge monitoring.

CGPHI1ARE.MPD 5.15
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The amount of ground water discharge to the river per unit area of watershed along
the facility reach was estimated. .Wright and McCarthy (1985) reported that the amount of
drainage basin added to the river from Elmwood Avenue to the Warwick Avenue bridge is
3.0 square miles. The distance from Elmwood Avenue to Warwick Avenue includes the
CIBA-GEIGY facility reach and is roughly three times longer than the facility reach.
Therefore, the assumption that all 3 square miles of watershed are added along the facility
reach is very conservative. Assuming that the water table aquifer in glacial outwash
sediments yields 1 million gallons per day to the river per square mile of contributing
watershed (USGS-WRD, Providence, R], personal communication), the amount of ground
water discharge along the facility reach is predicted to be 3 mgd, or 4.6 cfs. Assuming 10%
error variance, total stream discharge would have to be 46 cfs or less to permit resolution
of a difference of 4.6 cfs between DSU and DSD. The time duration curve in Figure 3-5
shows that total discharge at the Cranston gauge exceeds 46 cfs at least 99% of the time.
Therefore, the river conditions required to detect a difference of 4.6 cfs occur only 1% of

the time.

Another way of estimating the amount of ground water discharge to the Pawtuxe_;

River along the facility reach is to use measured aquifer properties such as hydraulic
conductivity and saturated thickness. ~ Slug tests conducted as part of the Phase 1A
ixyd;ogeo]ogica] investigation yielded an éveragc hydraulic conductivity (k) approximately
equal to 200 gallons per day per square foot (gpd/ft%; see Table 4-3). Multiplying k by
saturated thickness of the aquifer (b) gives transmissivity (T) in gallons per day per foot.
The hyvdrogeological investigation suggested that b, the saturated thickness of the aquifer at
}l;e site, is a maximum of 50 feet. Transmissivity is the amount of groundwater discharge
thrbugh a secﬁon of the aquifer measuring one foot by one foot by the thickness of the

| aquifer over a unit drop in head (Fetter, 1980). In fact, the highest drop in head observed
at the facility was 0.100 feet per horizontal foot, so transmissivity must be multiplied by
0.100 to give the ground water discharge for a part of the aquifer measuring 1 foot by 1 foot
by 50 feet. Finaliy, the faé:ility reach is approximately 0.5 mile or 2640 feet long. Therefore,
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the ;transfriisSivity value for a part of the aquifer measuring 1 foot by 1 foot by 50 feet should
be multiplied by 2640 feet.
200 gpd/ft, x 0.100 ft/ft x 50 ft = 1000 gpd/ft
1000 gpd/ft x 2640 ft = 2,640,000 gpd
2,640,000 gpd/1,000,000 = 2.64 million _gallons/day
2.64 mgd = 4.1 cfs

The value of 4.1 cfs is applicable to the aquifer on one side of the Pawtuxet River.
To calculate the ground water discharge to the river from both sides of the river, 4.1 cfs
must be multiplied by 2, so 8.2 cfs is the expected ground water discharge to the Pawtuxet

River based on measured aquifer propertles

" The calculation of aquifer transmissivity assumes that ali ground water discharge is
horizontal. This assumption is not valid for the water table aquifer at the CIBA-GEIGY
site because vertical gradients were observed in several nested pairs of piezometers.
Therefore, some of the ground water included in the Z00 gpd/ft* actually flows upward and
will ‘ot discharge to the river until some jater time. Fmally, boring logs indicate that a
saturated thickness of 50 feet is a maximum, and that most locations at the facility are
characterized by smaller saturated thicknesses. Therefore, the estimate of 8.2 cfs for ground

water discharge to the Pawtuxet River along the facility reach may be a-high estimate.

To summarize, the three estimates of ground water discharge io the Pawtuxet River

along the facility reach, based on the different estimation ‘methods described here, are ‘as

. follows: |
Stream discharge monitoring estimate -- unmeasurable '

Watershed characteristics-based estimate -- 4.6 cfs

Aquifer properties-based estimate -- 8.2 cfs (maximum) v
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Comparison of these estimates indicates that actual ground water discharge aiong thefacility

reach probably cannot be quantified using river discharge monitoring methods.
] ! T .

5.5.2 Comparison of Calcu]ated Water Discharge along the Facility Reach to the USGS
Instantaneous Dlscharge Values at Cranston '

Instantaneous discharge values at the USGS stream gauge at Cranston are éalculaiea
by the USGS using the rating table and measurements of river stage collected automancaily
every hour, on the hour. These instantaneous discharge values from the USGS gauge at
Cranston were compared to the instantaneous discharge values calculated as part of the

Phase IA investigation as shown in Table 5-5.

For 25 July and 20 August, the instantaneous discharge values at the Cranston gauge
are considerably larger than the values calculated at the facility reach. On 25 July, the rainy
conditions affecting discharge mc;asurem,enisrat the _faciiit& appear to have affected the river
at the Cranstonﬂ gauge to a much greater ‘deglree.) A heavy downpour at the Cran_ston gauge
may have caused the large increase in stage and discharge. However, this larée increase in
dlscharge would have amved at the facnhty reach only after a penod of several hours It
is possible that discharge at the fac111ty reach mcreased to approximately 500 cfs after the
discharge monitoring activities were complete on 25 July. A similar sequence of events may
Jhave produced the higher instantaneous discharge values at the Cranston gauge on 20
August. The cause of the variability is the highly localized nature of summer rain:auc}

thunderstorms.

For 3 August the instantaneous discharge values at the Cranston gauge are slightly
lower than those calculated for the transects along the facility reach. The river appeared
to be under base flow conditions on 3 August because there had been virtually no rainfall
since 25 July. Therefore, the slight increase (3-10%) in flow downstream probably indicates
grOPnd ;Né£°f coﬁ'?f.ixi:;}]}ion to the river between the USGS gauge at Cranston and the facility

reach.
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3.5.3 Erosion and Deposition of Sediment in the Pawtuxet River along the Facility Reach

The flow regime of a river refers to a range of streamflows exhibiting similar
bedforms, resistances to flow, and modes of sediment transport. Essentially, flow regime is
a classification scheme to describe conditions of sediment erosion, transport, or deposition
in a river. The flow regime in the Pawtuxet River along the facility reach can be described
elther based on bedforms observed on the river bottom or based on calculation of the
Froude number because ﬂow regime, bedforms, and the Froude number are interrelated
_(Monsawa, 1968). The Froude number is defined as

i

/s

where V = mean velocity, g = ‘ gravitational constant, and D = depth. When F << 1
J(fmich less than 1.0, lower flow regime), flow is:trar'xquil and ripples are formed on the bed.
When F < 1 (less than 1.0, lower flow reglme), tlow is somewhat faster and dunes are
tormed on the riverbed. When F >'1 (greater than 1. g, upper flow reglme), flow is rapid
enough to form plane beds. Fmally, ‘when F >> 1 (much greater than 1 0, upper ﬂow

reg1me), antidunes are formed.

' No bedforms were observed on the fathometer output during bathymetric suweyihé

of the Pawtuxet River along the facility reach. (if bedforms were present, their height would

have been less than 0.5 feet. That is, due to drift in the calibration of the fatho'meief,

bedforms less than 0.5 feet high may have been missed.) Therefere, evaluation of the flow

" regime of the river by observation of bedforms was not possible. Instead, the Froude

umber was calculated.

The most conservatlve way to evaluate flow regime (and, in tum, the potentlal :

bedload transport of contaminated sediments) is to calculate the Froude number usmg the
LRI
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highest observed stream velocity. The highest stream velocity observed was rccorded on 25
July on DSD. The mean velocity was 1.12 ft/sec; the river was §&. 80 feet deep at’ this
location. Using a value of 981 cm/sec? as the gravitational constant, the Froude number is
0.07. Because F = 0.07 is much less than 1, flow in the Pawtuxet River is in the ]ower part

'
NEPH .M,k.'

of the lower flow regime. At most, ripples would be the cxpected bedtorm

o~ . o
NREEs afeh

The nature of the riverbed sediment also must be considered relative to the pb‘teh“ﬁ%i
transport of contaminants on the sediment. The sediments.are characterized by low CEC
and TOC, indicating that the likelihood of adsorption of ‘contaminants on the sediments is
low. In addition to the relatively low potential for edsorption of contaminants on the
sediments, the suspended sediment discharge is-quite low. With the exceptioﬁ’ of the silt é’i
SD-FO3R, the median grain size of all the riverbed sediment semples is in the“fa’nge of saﬂé
and gravel. Miller, et al. (1977) determined values of the flow velocity ‘at 1.0 meter above
the bed that were required to mltlate movement of quartz-densxty grams at 20° C. The
values range from 0.9 feet/sec ‘for very fmc-gramed sand to 2.6 feet/sec for granules
(gravel). Since 1.12 feet/sec was the maximum mean flow velocity observed during the
investigation, it is concluded that bed]oad transport of sediment is minimal in the Pawtuxet
River along the tacxhty ‘reach under the condmons observed durmg the’ 1nvest1gat10n

The felatively jow amounts’ of siit and 'cléy' in the riverbed sediments and the
:relatlvely ‘low suspended sedlment discharge may be caused by flow regulatlon of the
Pawtuxet River. Gregory and Walling” (1973) report that reservoirs aré often used for
studies of basin sediment yield, because accretion of sediment in a reservoir dlrectly reﬂects
the sediment yield of the tnbutaxy watershed. The water released from any glven reservoir

is therefore relauvely free of suspended material. Because river flow velocities downstream
‘of ‘the reservoir may support a considerable suspended sedlment load, it is likely that
suspended material will be "plrated" from the riverbed. Ultimately, the riverbed loses the
:fmer-gramed matenal leavmg a coarser-grained lag deposit as the riverbed sediment. This

process could account for the 16ss of fine grains documented in the grain size profiles for
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many of the riverbed sediments (Appendix E), and may be applicable to the Pawtuxet River
along the facility reach.

‘ Based on the conditions observed during this investigation, erosion, transport, and
redeposmon of sediment in the Pawtuxet River appear to be minimal at this time, possibly
due to flow regulation. The suspended load is low, the riverbed sediment is mostly coarse-

grained, and flow velocities are insufficient to resuspend all but the silt-sized sediment.

The data, and inferences drawn from the data, appear to be somewhat inconsistent
W1th sedimentation rates reported in the literature for the Pawtuxet River. There are at

Ieast two exp]anatlons for this inconsistency. The most important factor is that conditions

' m the watershed have changed For examp]e, construction of Interstate Highway 95

probably affected the amount of suspended sedlment in the river. Construction of several
shopping centers may have decreased the sediment yield and increased the runoff from the
watershed. The conditions descfibcd for the Phase IA investigation represent current
conditions only.

Another explanation for the appggent_incohsistency is that published sedimentation
rates were calculated using a methodology that is probably inappropriate for river
sedimentation. The estimates of sedimentation rates were based on the position of
anthropogenic marker compounds in sediment cores. In addition, the sediment ceres were
eolleeted near the banks of the Pawtuxet River. ‘The position of marker compounds in the
sediment can be controlled by numerous erosion and redeposition cycles and bioturbation.

Use of anthropogenic marker compounds for dating sediment in a river (in contrast to a

lake) yields highly questionable results. Therefore, published sedimentation rates are not

representative of conditions in the main channel of the river. It is possible that erosion is
taking place in the main channel concurrently with sedimentation along the channel margins.
These considerations resolve the apparent inconsistency between published sedimentation

rates and the Phase IA investigation results.

e
450
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Flood conditions were not observed during the investigation. It is likely that

significant erosion, transport, and redeposition of riverbed sediment occurs during flood

events on the Pawtuxet River. : PR

5.6 SUMMARY

S i

The Phase IA hydrological investigation of the Pawtuxet River along the CIBA-
GEIGY facility reach indicates that: :

o .

1

Facility reach depths range from 2 to 9 feet, and bathymetry indicates the

presence of pools and riffles.

Stream discharge ranged frdm 130 to 382 cubic feet per second (cfs) during

the investigation.

Suspended sediment discharge under the observed flow conditions ranged

from 0.26 to 18.5 long tons/day.

.Riverbed sediments are composed of sands and gravels except at TR-F02 and

/TR-F03, where silts are present. All sediment samples exhibit low cation

exchange capacity, total organic carbon, and pH.

R

-

.Under base flow conditions (3 August); the instantaneous discharge values of

the river at the USGS Cranston -gauge compare well with the values

.. calculated at the facility. On 25 July and 20 August, however, the comparison

is probably invalid due to the effects of variable rainfall along the Pawtuxet

River.

Estimates of ground water discharge to the river along the facility reach vary

from being unmeasurable to 8.2 cfs. Given the underlying assumptions made
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for each estimate, it is likely that the actual ground water discharge to the
" “facility reach is less than the amount that can be quantified using river

discharge monitoring.

Most of the goals of the hydrologic investigation were met during the Phase IA

investigation.

o The location, elevation, depth, width, flow rates, and Rhode Island state
classification of the Pawtuxet River were described. Seasonal variation of
conditions in the river was not quantified because the investigation took place

only during July and August.

" 9" “Flood potential of the river'was documénted in Volume I of the RFI
- Proposal. o
o' On-site dramage patterns were not observed durmg Phase IA Howcver, this

goal will be carried into the Phase IB mvestxganon

9" It was'not “possible to ‘define river bed sediment deposmonal areas based on
the bathymetry of the river along the facility reach because riffles may reflect
resistance to erosion (rather than deposition}. The low Froude number and
suspended sediment discharge rates appear to indicate very low sedimentation

ratés under the flow conditions observed during the investigation.

o The thickness of riverbed scdlment was not resoived by the fathometer used
for bathymetric surveying. Push core recoveries were 17 mches or less, so the

riverbed sediment is at least 17 inches thick in some areas.

0 Physical properues of the nverbea sediment were descr:bed

5'!'\-x, b X3 Ind ISP
R Y PR T §
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o Seasonal variation in suspended sediment and bed sediment transport was not
documented because the investigation took place only during July and August.
A low Froude number and the relatively large; ‘grain. size of the riverbed
sediment indicates that bedload transport was minimal during the
investigation. Suspended sediment transport also was low. The Phase IA

investigation documented that suspended ,:sedilpent discharge increasés with

RS .
Loz I,
o ! o o-

increased water discharge. » ;

. o

The results of the Phase IA inyestigation of the Pawtuxet River along the facﬂity

reach do not warrant any significant change in the revise‘d-work, plan for the r_"%lease
characterization to be conducted during Phase IB. Eleven riverbed sediment samples will
be collected using a hand corer device at tl{e locations shdéyn in Figure 5-9. The cores will
be driven a maximum of 1 foot into the riverbed. Iéecébvery. may be less t_llaa 1 foot
depending on the nature of the sediment. If coring is not feasible due to the presence of
gravel, grab sediment samples will be collected with a grab sediment Sampler The ‘vaﬁation
of grain size across *he river channel will be evaluated by collecting five-additiozal: samples
for particle ssz analys1s (along -a transgct to be estabashed during the: Pha«e IB

investigation). Surface water dip samples will be collected at seven locat1on= (shown in

_ Figure 5-9). % -

Sechment samples and surface water samples w111 be analyzed IOI' the constituents of
concern in Tab]c 4-5 in Volume I of the Facility Invesngatmn WOfk Plan. In addition,
surface water dlp samples will be analyzed for total buspended sedl"'nent If the sediment
samples are gravelly, the chemlcal analys1s “for metalc and ‘major ions will not be possible,
. and the results of organic compound analysis may be biased in an u*lquantlﬁable way due

to inhomogeneity in the sample.
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~ 7 TABLE 5-1. DISCHARGE SUMMARY. TABLE FOR THE s sy ]
A % PAWTUXETRIVER . s
.. CIBA-CEIGY FACILITY, CRANSTON, RHODE ISLAND Aoe L&
DATE DISCHARGE SURVEY UPSTREAM = -~ -~ .. . .. : DISCHARGE SURVEY DOWNSTREAM
(-DSU?) - Tooewr o G . ("DSD?)

% OF TIME - ELEVATION SQ§PENDED . DO ] T % OF TIME ELEVATION SUSPENDED

WATER DISCHARGE ;:QF CLOSEST TS.‘:;DIMENT . . . - WATER | DISCHARGE OF CLOSEST . SEDIMENT

DISCHARGE EQUALLED Qh S TAFF GAUGE DISCHARGE ~ ) . DISC!;{ARG._E EQUALLED OR STA!;F GAUGE DISCHARGE
(cfs) EXCEEDEI " o (fest) (g}am/sec) . I “ ) (c{fg) EXCEEDED ** \(fest) (gram/sec)

7/25/90 337 o @5% - 7.48 s8R T ss2 t . 30% 7.19 218

8/3/90 138 . 78% - . 654 Y10 v . D130 5 so% 6.41 .3

8/20/90 147 | 75% 670 Faso R - 100 61% 6.68 24
' G . S oy

** This category is based oin USGS computer calculations of daily flow sta't'isﬁci's
:"f'or the Pawtuxet River, with a periud of record ranging from 1841 to 1985.

cfs = cubic feet persecond. =~ . . 7

Done by MD, checked by CM



TABLE 5-2. SEDIMENT DESCRIPTIONS, MEDIAN GRAIN SIZE,
AND CRITICAL VELOCITY TO INITIATE PARTICLE MOVEMENT
PAWTUXET RIVER
CIBA-GEIGY FACILITY
CRANSTON, RHODE ISLAND

CHBCHEU A O

2 CRITICAL
< UDDEN- VELOCITY
« WENTWORTH TO INITIATE
24 . L ... MEDAN CLASSIFICATION PARTICLE
B SAMPLE FIELD tc RECOVERY . GRAINSIZE " OF MEDIAN MOVEMENT**
NUMBER Descnlvﬂo;&i “ “inchesy  (m) GRAIN SIZE* (ts)
SD-FO1R Brown gravelly sand W§th__ihin layer 10 3.9 GRAVEL/granule 46
of silty sand at sedimeri-water - = 2 . ~
interface. + * SO T <o ,
SD-FO1AR Brown medium-coarse: s2nd with 17" 025 SAND/medium 1.6
gravel. ..
SD-FO2R Dark brown silty sand with 13 0.16 SAND/fine 1.2
hydrocarbon odor. AR S A S i
SD-FO3R Dark brown silty sangwith = ™ 18" - 0.082 SILT/coarse . 1.0
hydrocarbon cdor. _ ; o
SD-FOSL Gray medium-coarse sand. - 9 0.58 SAND/coarse 19
- M o W : :
SD-FOBLA** Brown gravel to cobbles with NA. + 16 1  GRAVEL/psbble  ; 6.2
some sand.’ o - - =
SD-FO7R*** Brown gravel to cobbles with NA 31 GRAVEL/pebble 8.9
some sand. ; « .
SD-F10R Brown gravelly sand with some 10 2.1 GRAVEL/granule 27
silt. Some roots and leaves. & ‘ AR 2 -
S B I vy
* REFERENCE: Leeder (1982) = ' . . e a2 N
** REFERENCE: Miller etal (1977) '° ¥ | “
***  Grab samples collected with Shipek sampler.
NA = not applicable 1 o ) . -
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SAMPLE
IDENTIFIER

SD-FO1R

SD-FO1AR

SD-FO2R

SD-FO3R

SD-FO5R

SD-F10R

Note:

TABLE 5-3. ANALYTICAL RESULTS FOR RIVERBED SEDIMENT SAMPLES
PAWTUXET RIVER
CIBA-GEIGY FACILITY
CRANSTON, RHODE ISLAND

DATEOF . .~ CATION °  “pH . ; TOTAL DRY POROSITY
COLLECTION - EXCHANGE.. (standard)  "ORGANIC BULK (%)
. " CAPACITY (units)" - CARBON DENSITY
“(meqlivog)- Wmglkg) 5 (pen)

7/26/90 ND 5.42 110 92.1 345

/v ) 2 R
7/26/90*" - ND = 552 = 440 1 01.0: 325

7/25/90 5 6.00 9900 54.6 60.2
7/25/90 ND 5.79 20000 476 61.8
7/25/90 8 5.58 290 ~-91.1 39.1

7/25/90 1 569 1900 ,  89.3 427 o

' U ] .

_’.. _ . :.' '.'_‘ T B O3 : ' 2

: = > L . tg
1 All samples were also ar-alyzed for pamcle size dlstrabunon: ey

2. SD-FO6L and SD- F07L were analyzed for pamcle size dnstrnbutlm only. »
ND = not detected O ST ¥ S
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TABLE 5-4. TYPICAL VALUES OF CATION EXCHANGE -CAPACITY (CEC), ..

FOR SELECTED MATERIALS

CATION
EXCHANGE

~

%
1

T 7 { ' LR
g CAPACITY. 2
MATERIAL iy -¢{meq/100 grams)
OB R AIN] g
Kaolinite* 3to1s ' :
Iilite* ) 1010 40

Chilorite*

Smectite (montmorillonite)*

10t0 40

80to 150

A3V ermiculite* 2UNEATAATIAL 10010 1'505\ TR :
L IEAL T EZ i3 SRR SNy
N IR O R L e J'. TENMAR »’5‘“ NG
- S0l otganic matter™ . e >200 .. a0z
st Sand** e 2t07 538 PRI
o8 N E
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